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We present 432 low- dispersion optical spectra of 32 Type la supernovae 
(SNe la) that also have well-calibrated light curves. The coverage ranges from 6 
epochs to 36 epochs of spectroscopy. Most of the data were obtained with the 
1.5m Tillinghast telescope at the F. L. Whipple Observatory with typical wave- 
length coverage of 3700-7400A and a resolution of ~ 7A. The earliest spectra 
are thirteen days before S-band maximum; two-thirds of the SNe were observed 
before maximum brightness. Coverage for some SNe continues almost to the 
nebular phase. The consistency of the method of observation and the technique 
of reduction makes this an ideal data set for studying the spectroscopic diversity 
of SNe la. 

Subject headings: supernovae: general — supernovae:individual(SN 1997do, SN 1997dt, 
SN 1998V, SN 1998ab, SN 1998aq, SN 1998bp, SN 1998bu, SN 1998de, SN 1998dh, 
SN 1998dk, SN 1998dm, SN 1998ec, SN 1998eg, SN 1998es, SN 1999X, SN 1999aa, 
SN 1999ac, SN 1999by, SN 1999cc, SN 1999cl, SN 1999dq, SN 1999ej, SN 1999gd, 
SN 1999gh, SN 1999gp, SN 2000B, SN 2000cf, SN 2000cn, SN 2000cx, SN 2000dk, 
SN 2000fa, SN 2001V) 



Introduction 



Type la supernovae (SNe la) have long been intriguing objects for astronomers. As 



individ ual obi ects, they present complex problems abo u t the nature of t 



Howell! l2001al : Branch! l200ll : iNomoto et all 120031 : IStritzinger et al 
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erences therein), the physics of the explosion me chanism (e.g., IWoosley fc Weaver! 11986 
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tors that produce t he observed range of diversity (e.g., 
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2000; 


Li et al. 


2001b 



Benetti et al.l 120051 ) . In recent years, a great deal of attention has been focused on the fact 



that absolute magnitudes of SNe la can be deduced from the shape of their light curves 



e.g., |Phillipslll993l ; lHamuy et al.lll996al ; iRiess et al.lll996l ; iPerlmutter et al.lll997l ; IJha et al. 



20071 ). Once this calibration has been applied, SNe la are the best extragalactic distance 
measuring tools. Combined with their large intrinsic brightness, this makes SNe la extremely 
valuable as cosmological distance indicators. Using SNe la as cosmological lighthouses led to 
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Wood-Vasev et al.l 120071 ). con 



trary to all expectations. The nature of the dark energy that is producing the acceleration 
is one of the great unanswered questions of current physics. 
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For questions associated with understanding individual SNe la, as well as those related 
to their use as high-redshift distance indicators, the quality of the answers will be based 
upon the underlying data that are used to make inferences. There have been much data 



published about SNe la, but most have b een from detai 
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2002 
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1975) up 
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2005). The extreme examples of 



and the underluminous SN 1991bg ( Filippenko et al. 1992bl : Leibundgut et al. 19931 ). have 
also been well studied. The drawbacks of earlier samples of SN spectra were the hetero- 
geneous nature of the data and the relatively small size of the sample. Examples of the 
data can be seen at the University of Oklahoma's supernova spectra database (SUSPECT, 
|http : / / bruf or d . nhn .ou.edu/ ^suspect / indexl . html [ ) or the web site of the European Research 
Training Network on the Physics of Type la Supernova Explosions ( |http: / /www.mpa-garching.mpg.de/^rtr 
The spectra were often obtained at a variety of sites and reduced in different ways. For pho- 
tometry alone, there are several large , homogeneous data sets that have been published 
( iHamuy et al.lll996bl ; iRiess et al.lll999l ; IJha et al.l 120061 ) . consisting of light curves of a wide 
variety of SNe la. There have been no large, homogeneous data sets of spectra of SNe la. Such 
a sample will have a wide variety of applications, from testing explosion models to under- 
standing systematic errors that plague the use of SNe la as cosmological distance indicators. 
Although most attention is focused on the photospheric-phase spectra, the nebular-phase 
spectra can reveal much about SNe la. Nebular lines in time-series spectra of SNe la show 
direct evidence for the changing rati o of cobalt and iron l ines, implying that they are p o wered 
by radioactive iron-peak elements (jKuchner et al.lll994l ). In addition, iMazzali et al.l (119981 ) 
showed that the width of nebular lines was related to the luminosity of the SN. 



Two of the large light-curve data sets mentioned above (IRiess et al.l Il999l : IJha et al. 



20061 ) are the result of a program begun in 1993 by the SN group at the Harvard- Smithsonian 



Center for Astrophysics (CfA) to monitor SNe (of all types) photometrically and spectro- 
scopically with the telescopes at the F. L. Whipple Observatory (FLWO) on Mt. Hopkins, 
Arizona. Through the use of queue scheduling for spectroscopic observations and a coop- 
erative strategy of a small allocation of photometric time per night, we have been able to 
obtain data with a frequent enough cadence to acquire good data sets on many objects. The 
early spectroscopic coverage was mainly for classification, but, starting in 1997, we began to 
follow objects in earnest. Classification is still a major part of the program; between 2000 
Sep and 2003 Sep, we classified 39% of the low-redshift SNe accessible from the Northern 
hemisphere. 



In this paper, we present the first release of some of the spectroscopic data obtained at 
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Mt. Hopkins by the CfA SN group between 1997 and early 2001. The decision to follow 
a specific SN la with extensive spectroscopic coverage was based upon apparent brightness, 
availability of telescope time, and the relative phase of the SN at our first spectrum. For 
the purposes of the sample presented here, we only include SNe la for which we have a 
reasonable number of spectra (> 6). The final criterion for selecting objects from the CfA 
SN database was whether or not there was a calibrated light curve. With a light curve, the 
epoch of maximum is established. This also gives us the potential to correlate the light-curve 
shape with spectroscopic properties, which is an important goal for this program. Most o f 
the photometry for the spectroscopic sample in this paper is presented b ylJha et al.l (2006V 



A few of the se SNe la were published as si ngle objects: (SN 199 8aq, iRiess et al 



2005|) 



(SN 1998bu. IJha et al.l Il999tt ). (SN 1999bv. iGarnavich et all 120041 ) . Some SNe from 2000 
await final photometric calibration, and so are not included here. In total, there were 32 
SNe la that fit all the criteria, with 432 individual spectra. A histogram of the number of 
epochs of spectroscopy for the fourteen days before and after maximum brightness is shown 
in Figure [TJ Many of the objects were observed well before maximum brightness. Figure [2] 
shows the histogram of the epoch of the SN at the first spectrum. In addition, the SNe span 
the known range of Am^B) (Figure [3]). The SNe selected, along with some properties of the 
host galaxies, are listed in Tabled! Virtually all the spectra are from the same instrument, 
and they have all reduced in the same manner. In a companion paper (Matheson et al. 2008, 
in preparation), we will present a preliminary analysis of the spectroscopic characteristics of 
this data set. In that paper, we will relate spectroscopic properties to the light-curve shapes 
of the SNe, specifically how the strength of the silicon features correlates with decline rate. 
In addition, we will show the degree of variation within the SNe la and how this changes 
with decline rate. 

All the spectra presented in this paper will be made publicly available through the CfA 
Supernova Archive (http://www.cfa.harvard.edu/supernova/SNarchive.html). This archive 
contains all published data from the CfA SN group, both photometric and spectroscopic. 



- 5 - 




-10 



-5 5 

Phase of SN 



10 



Fig. 1. — Histogram of the number of individual SN spectra at each epoch within fourteen 
days of maximum brightness. 
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Fig. 2. — Histogram of the number of SNe at the epoch of the first spectrum. 
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Fig. 3. — Histogram of the number of SNe versus Am 15 (B) fFrom ljha et~al]l20od ). 
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2. Observations 

The majority of the spectra presented in this paper were obtained with th e 1.5 m Tilling- 



hast telescope at FLWO using the FAST spectrograph (IFabricant et al.lll998f h Spectroscopic 
observations with the Tillinghast (both low- dispersion with FAST such as are discussed here 
and high- dispersion echelle spectra) are made in a queue-scheduled mode. Two professional 
observers (P. Berlind & M. L. Calkins) were the primary observers during the period when 
these spectra were taken. In addition, portions of the telescope schedule are staffed by other 
CfA personnel. The CfA SN group would request two or three observations per night when 
FAST was scheduled, subject to constraints at the telescope (e.g., weather, instrument prob- 
lems, conflicts with other programs). Observational details of the spectra are listed in Table 

12 

The FAST spectrograph uses a 2688x512 Loral CCD with a spatial scale of l."l per 
pixel in the binning mode used for these observations. The grating used yields a resolution 
of ~ 7A. The usual setup for observations covered the usable wavelength range of ~3700 
to ~7500 A. Slight variations in the wavelength range were sometimes introduced during 
instrument changes. Other programs in the FAST queue might occasionally require different 
spectrograph settings, resulting in different wavelength ranges. In addition, for bright and 
unusual SNe, we would request multiple observations with different grating tilts to observe 
a broader wavelength range. The typical slit width was 3". For most of the observations 
obtained in 1997 and 1998, the slit was oriented with a position angle of 90°. Starting in 
late 1998, the slit was typically repositioned to the parallactic angle unless the object was 
at a small air mass. 

Some spectra were obtaine d at the 6.5-m MMT Observatory with the Blue Channel spec- 



trograph (ISchmidt et al.l 119891 ). These observations were made during classically scheduled 
nights, not through queue-scheduled or interrupt time. The Blue Channel uses a 2688x512 
UA/ITL CCD with a spatial scale of 0."6 per pixel in the binning mode used for these 
observations. The grating used yields a resolution of ~ 8A. 
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3. Data Reduction 

The FAST data were all reduced in the same consistent manner. Using IRAF0, we 
would correct for overscan on the CCD frames and trim the extraneous portions. In general, 
the FAST CCD does not show a bias pattern in zero-time readouts, so we did not subtract 
bias frames to avoid introducing additional noise. In addition, dark current is not generally 
a problem with FAST. There are a few rare times after UV flashing that the chip has a dark- 
current problem, but it is bad enough that it cannot be corrected and so the affected portion 
of the spectrum has been trimmed off in the figures presented herein. The flat-field frames 
are combined and normalized with a low-order spline fit. The data are then flattene d with 



these normalized flats. The spectra were optimally extracted using the prescription of lHorne 



(119861 ) as implemented in the IRAF apall package. Wavelength calibration was accomplished 
with HeNeAr lamps taken immediately after each SN exposure. A low-order polynomial was 
fit to the lines in the calibration lamps, and the solution applied to the extracted objects. 
At a later stage in the reduction process, we applied small-scale adjustments derived from 
night-sky lines in the SN frames. 

Once the data were extracted as one-dimensional, wavelength-calibrated spectra, we 
used our own routines in IDL to flux calibrate them. This entailed spline fits to the standard 
stars to assign fluxes. The relative spectrophotometry is good (see discussion below), but 
no attempt was made to put the spectra on an absolute scale. Spectrophotometric stan- 
dard stars used for each spectrum are listed in Table [2j Using the well-exposed continua of 
the spectrophotometric standard stars as smooth-spe ctrum sources, we rem o ved telluric fea - 



tures from the spectra using techniques described by iWade fc Hornd (119881 ) ; iBesselll (119991 ) ; 



Matheson et all (I2000al ). 



The spectra presented he re that were obt ained in 1997-1999 were, in general, not ob- 



served at the parallactic angle (jFilippenkdll982l ) . Most spectra were taken at a small airmass 



but some could be affected by atmospheric dispersion. Table [2] lists the observed position 
angle as well as the proper parallactic angle for each spectrum along with the airmass. Data 
taken for the CfA SN group with FAST from 2000 on were observed at the parallactic angle 
(unless at small airmass). 

During the period that the observations described here were made, the optics of the 
FAST spectrograph blocked blue light, meaning that the FAST spectra do not suffer from 



14 IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Associa- 
tion of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science 
Foundation. 
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second-order light cont aminat ion 1 The spectra obtained with the Blue Channel spectro- 
graph can suffer from second-order contamination, but, through careful cross- calibration 
with standard stars of different colors, we have minimized the problems this might cause. 
On any given night, we would try to observe a relatively blue standard star (typically an 
sdO) and a relatively red standard star (typically an sdF). The sdO standards provide a 
better calibration in the blue portion of our spectrum (below ~4500 A) where they will gen- 
erally have more counts, but also lack the Balmer jump that can adversely affect calibration. 
The red standard stars will have little blue flux, and thus little second-order contamination. 
Most of our targets, even at relatively early phases when the spectra can be blue, have 
little second-order contamination as well. Each spectrum is calibrated with both the blue 
and the red standard stars. The blue and red portions of each spectrum are then joined, 
typically near 4500 A, so that we get a good calibration of the blue half, without suffering 
second-order problems in the red half. Some residual contamination remains, but tests with 
standard stars indicate that we have mitigated most of the problems. 

Because the spectra were selected from a sample for which calibrated light curves exist, 
w e are able t o check the accuracy of the relative spectrophotometry. We used the light curves 



of iJha et al.l (120061 ) to determine the B and V magnitudes of the SNe at the time of each 
spectrum. When the photometry was not coincident, we interpolated from the nearest data 
points. We then took each spectrum and convolved it with B and V filter functions in order 
to derive a, B — V color. Figure H] shows the comparison between the B — V color based 
on photometry and the B — V color derived from the spectra. For the objects observed 
from 1997 to late 1999 when we did not consistently use the parallactic angle, the scatter 
around zero difference in color is a = 0.095. The spectra observed at phases later than 
twenty days past 5-band maximum also have a relatively high scatter of a = 0.15. There 
are a number of factors that could cause this difference. One is that the spectrum becomes 
increasingly dominated by line emission as it ages, so that convolution with a filter that is not 
precisely matched to the photometry might introduce a systematic error. Another important 
difference with the later spectra is that they are fainter, so that host galaxy contamination 
becomes more significant. When the spectra were observed at the parallactic angle during 
phases when the spectrum was more continuum-dominated, the scatter is only a = 0.063, 
a relatively small error. We believe this indicates how well-calibrated the spectra in this 
sample are. 



15 When we moved the grating tilt to observe at red wavelengths, we did use order-blocking filters. 
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Fig. 4. — Comparison of the colors of the SNe la in our sample derived from photometry and 
spectroscopy. For objects observed at the parallactic angle (or small airmass) and within 
twenty days of 5-band maximum (filled, black circles), the scatter around zero difference 
is 0.063. For objects observed over twenty days after maximum (open, red diamonds), the 
scatter is 0.15. For the early objects in our sample, when we did not consistently observe at 
the parallactic angle (blue asterisks), the scatter is 0.095. 
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In Figure we show two examples of SNe la spectra from the sample. SN 1998aq is 
shown at i?-band maximum, while SN 2001V is shown at 20 days past S-band maximum. 
Both of these SNe are what would be conside red photometrically normal with SN 1998aq 
having a Am^(B) of 1.13 jRiess et al.l l2005h and SN 2001V having a Am 15 {B) of 0.99 
(IMandel et al.l 120081 ) . These spectra are fairly typical results for the brighter SNe. In ad- 
dition, we label some major features of the spectra in o rder to facilitate discussion of the 
individual objects below (see, e.g., iBranch et al.l 120051 ) . To demonstrate the differences 
among the spectra of SNe with different light-curve shapes, we show two extreme examples 
compared with the more normal SN 1998aq in Figure [6) SN 1999aa has a Amis(-B) of 0.85 
and was overluminous. Note the weaker Si II and stronger Fe III. In contrast, SN 1999by 
has a Amis (5) of 1.90 and was subluminous. It shows stronger Si II and Ti II. 
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Fig. 5. — Spectrum of SN 1998aq at 5-band maximum and spectrum of SN 2001V at 20 
days past i?-band maximum. The flux units are fA (ergs s _1 cm" 2 A -1 ) that have been 
normalized and then additive offsets applied for clarity. The systemic heliocentric velocity 
listed in Tabled] has been removed. Major features of the spectra are labeled. 
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Fig. 6. — Spectra of SNe 1998aq, 1999aa, and 1999by at B-band maximum. The flux units 
are f^ (ergs s _1 cm~ 2 A -1 ) that have been normalized and then additive offsets applied 
for clarity. The systemic heliocentric velocity listed in Table [1] has been removed. Major 
features of the spectra are labeled. Note that the overluminous SN 1999aa has weaker 
Si II than SN 1998aq and stronger Fe III. The underluminous SN 1999by has stronger Si II 
(especially near 5800 A) and Ti II. 
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4. Comments on Individual Supernovae 



SN 1997do-This SN was discovered on 1997 Oct 31 du ring the course of the Beijing 
Astronomical Observatory (BAO) SN survey (jOiu et al.lll997l ). A spectrum obtained by Qiu 
et al. on 1997 Nov 1 showed that SN 1997do was of Type la. The CfA spectra (Figure [7]) 
begin eleven days before .B-band maximum and continue for three weeks past maximum. 
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4000 5000 6000 o 7000 
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Fig. 7. — Spectra of SN 1997do. The flux units are fA (ergs s -1 cm" 2 A -1 ) that have been 
normalized and then additive offsets applied for clarity. The zero-flux level for each spectrum 
is marked with an extension on the red edge of the spectrum (occasionally, this is marked 
on the blue edge if that produces a clearer presentation). The systemic heliocentric velocity 
listed in Table [TJ has been removed. The numbers associated with each spectrum indicate 
the epoch of the spectrum relative to S-band maximum. 
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SN 199 7dt- Another pro duct of the BAO SN survey, this object was discovered on 1997 
Nov 22 (jQiao et al.l 119971 ). Qiao et al. also reported that a spectrum taken the same night 
as the discovery indicated that SN 1997dt was of Type la. The CfA spectra (Figure [HD begin 
ten days before S-band maximum, with good coverage through two days past the time of 
maximum. There is some galaxy contamination in the spectra, as shown by the strong 
narrow emission lines apparent in the spectra. 
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4000 5000 6000 o 7000 
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Fig. 8. — Spectra of SN 1997dt. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure [7J 
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SN 1 998 V-This S N was discovered by the U.K. Nova/Supernova P atrol on 1998 Mar 
10 (IHurst et al.lll998bl ). It was classified as an SN la (IJha et al.lll998dl ) based up the first 
spectrum in the CfA sample (Figure [9]), obtained at maximum. We have some coverage of 
the post-maximum decline and later phases. 



-20- 




4000 5000 6000 o 7000 
Rest Wavelength (A) 

Fig. 9. — Spectra of SN 1998V. The flux units, wavelength scale, and epoch for each spectrum 
are as described in Figure [TJ The day +41 spectrum has been rebinned for clarity. 
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SN 1998ab-The BAO SN survey also found SN 1998ab on 1998 Apr 1 flWei fc Li 



1998 ). The first CfA sp ectrum (Figure [TOl was used to report the Type of the SN as la 

bj). This spectrum was obtained eight days before maximum. In ad- 



Garnavich et al. 1998 t 

dition, Garnavich et al. noted that the Si II feature was not apparent in the spectrum, 
but absorptions associated with Fe III were present, indicating that this was a spec troscopi- 
cally peculiar SN similar to SN 1991T (jFilippenko et al.lll992al ; iPhillips et al.lll992l ) at early 
epochs. Unfortunately, we were not able to obtain more spectra of this object in the pho- 
tospheric phase, but there is a large amount of coverage at several months past £?-band 
maximum. 
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Fig. 10. — Spectra of SN 1998ab. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figure CD The days +36.5, +46, and +50 spectra have been 
rebinned for clarity. 
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SN 1998aq- Anoth er SN discovered by t he U.K. Nova/Supe r nova Patro l, SN 1998aq was 



found o n 1998 Apr 13 (IHurst et al.lll998al ). lAyani &: Yamaokal (119981 ) and iGarnavich et al. 



(jl998d j reported that the spectrum showed SN 1998aq to be of Type la. Ayani & Yamaoka 
also felt that the strength of the Si II A5800 line might indicate that SN 1998aq was sublumi- 
nous, but the full set of Cf A spectra (Figures [11] and [12]) shows that it was spectroscopically 
normal. Although there are no pre-maximum spectra, there is good coverage starting with 
the first spectrum taken one day past maximum, continuing with almost daily spectra in 
the weeks past maximum. There is an extensive set of spectra obtained several weeks past 
maximum, as we ll as a few in the neb ular phase. Some of these spectra have been published 
and analyzed by lBranch et al.l (120031 ). but we include them here for completeness. 
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Fig. 11. — Early spectra of SN 1998aq. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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Fig. 12. — Late spectra of SN 1998aq. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 clS described in Figured 
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SN 1998bp-This SN was also found by the U.K. Nova/Supernova Patrol on 1998 Apr 
29 (IHurst fc Armstronglll998l ). A spectrum taken the next night showed that is was of Type 
la, but possibly spectroscopically peculiar (IPatat fc Maial Il998l ). The first CfA spectrum 
(Figure [T31 obta ined three days b efore maximum) also prompted a report that the object 
seemed peculiar (IJha et al.lll998bl ). specifically that the Si II A5800 line was strong. As seen 
in Figure [131 the strengt h of the A5800 feature is similar to what is observ ed in subluminous 
SNe la (e.g., SN 1991bg iFilippenko et al.lll992bl : iLeibundeut et alJll993h . but the bl ue half 
of the spectrum appears more normal. The Ami5(-B)value of 1.83 from IJha et al.l (120061 ) 
confirms that this was a peculiar SN la. The CfA sample has good coverage near maximum, 
as well as several at a few weeks past maximum. 
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Fig. 13. — Spectra of SN 1998bp. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 1998bu-This SN was discovered by I Villi! (Il998l ) on 199 8 May 9. Two grou ps reported 
that spectroscopy indicated that SN 1998bu was of Type la (lAyani et al.lll998l ). The CfA 
sample of spectra is large (Figures [T5] and [TBI) , with good coverage near maximum (the 
first being three days before maximum), as well as many spectra up to two months past 
m aximum and few in the nebular phase. Some of the CfA spectra were shown and discussed 
by lJha et al.l (jl999bl ). but the spectra presented herein were rereduced to be consistent with 
the rest of this spec troscopic sample. Th is was a bright SN that was followed extensively by 



many groups (e.g., ISuntzeff et al.lll999l ). 



-29- 




4000 5000 6000 o 7000 
Rest Wavelength (A) 



Fig. 14. — Early spectra of SN 1998bu. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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Fig. 15. — Late spectra of SN 1998bu. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 1998de-This S N was found in the c ourse of the Lick Observatory Supernova Search 
(LOSS) on 1998 Jul 23 JModiaz et alJl998ah . The initial classification Type la was based 
upon our first CfA spectrum (Figure [TB]) obtained seven days before maximum. This SN also 
appeared to be spectrosc opically peculiar, with a strong Si II A5800 line and prominent Ti II 
absorptions in the blue (jGarnavich et al.l Il998dl ). This char acterization as a sub luminous 
SN la was confirmed photo metrically and sp ectroscopically by lModjaz et al.l (1200 ll ) (and the 
Am 15 (B) value of 1.93 from |Jha et al.ll2006l ) and can be seen in the series of spectra of Figure 
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Fig. 16. — Spectra of SN 1998de. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figured The day -6.5 spectrum has been trimmed and rebinned 
for clarity. 
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SN 1998d h- Another product of the LOSS, SN 1998dh was found on 1998 Jul 20 
( ILi et al.lll998l ). The first CfA spectrum ( Figure [T71) . obtai ned ni ne days before maximum, 
was used to report that it was an SN la (IGarnavich et al.lll998al ). There is good coverage 
before maximum, as well as some later coverage. 
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Fig. 17. — Spectra of SN 1998dh. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 1998dk-The LOSS also discovered SN 1998dk on 1998 Aug 19 (King et al.lll998 ). It 
was classified as an SN la (jFilippenko fc De Breucklll998l ). The telescopes on Mt. Hopkins 
are traditionally closed during August for the Arizona monsoon season, so the CfA spectra 
begin ten days after maximum (Figure [15]) . but with several spectra in the weeks past 



maximum. 
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Fig. 18. — Spectra of SN 1998dk. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figure [7J The day +53.5 spectrum has been rebinned for 
clarity. 
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SN 1998dm-This SN was also found by LOSS on 199 8 Aug 22 flModiaz et al 



998b) 



1998 . 



and SN 1998dm was subsequently classified as an SN la (jFilippenko fc De Breuck 
Filippenko & De Breuck noted that the spectra were unusually red and that the Si II A5800 
line seemed relatively strong, suggesting that this was a subluminous event. Our spectra 
(Figure [T9|) appear more normal (although our early coverage was limited by the August 
shutdown described above, leading to t he earliest Cf A s pectrum being five days past maxi- 
mum), and the Ami 5 (B) value of 1.07 (IJha et al.ll2006l ) confirms that SN 1998dm was not 
clearly peculiar. 
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Fig. 19. — Spectra of SN 1998dm. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 



-39- 



SN 1998ec-The BAO supernova survey found SN 1998ec on 1998 Sep 26 flQiu et al. 



19981 ). Our first CfA spectr um (Figure [201). o bserved three days before maximum, was used 



to classify it as an SN la (IJha et al.l Il998al ). This object has a more limited number of 
spectra, but the pre-maximum observations are valuable. 



-40- 




4000 5000 6000 7000 

Rest Wavelength (A) 



Fig. 20. — Spectra of SN 1998ec. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figure [7J The day +40 spectrum has been trimmed for clarity. 
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SN 1998 eq-Another produc t of the U.K. Supernova Patrol, SN 1998eg was found on 



1998 Oct 19 flHurst et al. 



1998a ). Two groups (including the CfA S N group using ou r first 



spectrum obtained at maximum) separately classified it as an SN la fjSalvo et al.lll998l ). Our 
spectra cover the period from maximum to a few weeks past maximum (Figure liZTT) . 
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Fig. 21. — Spectra of SN 1998eg. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figure H The days +5 and +19.5 spectra have been rebinned 
and the days +17.5 and +19.5 spectra have been trimmed for clarity. 
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SN 1998es-The LOSS discovered SN 1998es on 1998 Nov 13 (IHalderson et al.l 19981). 



Our first CfA spectrum (Figure [22]) was used to classify it as an SN la (jjha et al. 1998c ). Jha 
et al. noted that the Si II A63 55 feature was relatively weak and that the spectrum overall 



resembled that of SN 1991T (IFilippen 



co et al.l Il992al ; iPhillips et al.l 119921 ) at early epochs 



200d ) also indicates that this was a 91T-like event. 



The Ami 5 (B) value of 0.87 (IJha et al. 
The CfA sample (Figures [22] and 123]) begins at ten days before maximum, and continue with 



good coverage until just past maximum. There is also a large set of spectra covering several 
few weeks past maximum. 
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Fig. 22. — Early spectra of SN 1998es. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 clS described in Figured 
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Fig. 23. — Late spectra of SN 1998es. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 clS described in Figured 
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SN 1999X -This SN was found by ISchwartzl fll999h on 1999 Jan 27. Our first CfA 
spectrum ( Fi gure 124]). obtained twel ve days after maximum, was used to classify SN 1999X 
as an SN la (IGarnavich et al.lll999al ). The spectra cover two to four weeks past maximum. 
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Fig. 24. — Spectra of SN 1999X. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 1999aa AArbouY fc Armstrongl (119991) found SN 1999aa on 1999 Feb 11 (in dependent 



Qiao et all Jl999h and lNakano fc Kushidal Jl999h ). A spec- 



discoveries were also reported by 

trum obtained the next day revealed that SN 1999aa was a spectroscopical 



( Filippenko et al. 19991). T he spectrum had some similarities to SN 1991T ( Filippenko et al. 



HJiiipp 
1992al : 



y peculiar SN la 



Phillips et al.lll992l ). with weak Si II A6355 and absorptions due to Fe III. One differ- 



ence was an absorption near 3750 A. This fea ture (Ca II H & K) was not present in SN 199 IT. 
The Ara 15 (B) value of 0.85 (IJha et al.ll2006l ) shows that it is similar to SN 1991T photomet- 
rically as well. The CfA spectra have extensive coverage from nine days before maximum 



well observed by many groups (e.g., 



Li et al. 


2001b: 


Garavini et al. 


2004) 
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Fig. 25. — Early spectra of SN 1999aa. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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Fig. 26. — Late spectra of SN 1999aa. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 1999ac-ThSs SN was found by th e LOSS on 1999 Feb 26 flModiaz et alJll99g ). A 
spectrum obtained by lPhillips et al.l (Il999l ) showed that it was strikingly similar to SN 1999aa. 
The CfA spectra of SN 1999ac have some near maximum (the first at four days before max- 
imum) and a large number one to three months past maximum (Figure I2TI) . 
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Fig. 27. — Spectra of SN 1999ac. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 1999by-Both the L OSS and the U.K. S upernova Patrol indepen dently discovered 
SN 1999b y on 1999 Apr 30 fUrbour et al.lll999h . berardv fc Fesenl Jl999h classified it as an 
SN la and lGarnavich et all Jl999bh reported that the spectra showed some signs of peculiar- 
ity. The Si II A5800 line was relatively strong and Ti II features were ap parent indicating 



that this was a subluminous SN la. This was confirmed photometrically (IGarnavich et al. 



2004 ) with a Amis (5) of 1.90. The CfA spectra have good coverage from five days before 



maximum throu gh several weeks 



and analyzed by IGarnavich et al. 



j ast m aximum (Figure |28|) . Most of the spectra were shown 
(12004 ) , but the spectra presented herein were rereduced to 
be consistent with the rest of this sp ectroscopic sample. T h is bright and peculi a r SN was well 
observe d by many groups, in cludin g iToth fc Szabol (120001) ; IVinko et al.l (120011 ); iHowell et al. 
d2001bh : lHoflich et all (bo02h : and lGarnavich et all (120041 ) . 
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Fig. 28. — Spectra of SN 1999by. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN iPgPcc- lSchwartzl (119991 ) discovered SN 1999cc on 1999 May 8. Our first CfA 
spectrum (Figure [291). o btained three days before maximum showed that it was an SN la 
( IGarnavich et al.lll999q ). Our set of spectra includes a few near maximum and a few three 
weeks after maximum. 
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Fig. 29. — Spectra of SN 1999cc. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figured 
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SN 1999cl-This SN was found by the LOSS on 1999 May 29 (IPapenkova et al.lll999h . 
Our first CfA spectrum (Figure [30]) indicated that it was of Type la, but there was some 
evidence of peculiarity (IGarnavich et al.lll999dl ). The spectrum declined to the blue, there 
was a strong Na I D absorption at the host galaxy's velocity (equivalent width [EW] of 3.3 
A), and there was a relatively strong Galactic Na I D absorption (EW of 0.7 A). These facts 
suggest that the SN was heavily extinguished by dust. In addition, the absorption features of 
the SN itself were broad, with the two components of the S II 'W feature blended together. 
Our spectra cover from eight days before to nine days after maxi mum, as well as o ne spectrum 
about five weeks past maximum. The Amis(i?)value of 1.19 (I Jha et al.l 120061 ) shows that 
the faint, reddened nature of this SN is mainly caused by the intervening extinction. 
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Fig. 30. — Spectra of SN 1999cl. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figured 
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SN 1999dq-Another LOSS discovery, SN 1999dq was found on 1999 Sep 5 flLilll999ah . 
The spectrum was classified as an SN la, but with some peculiarities ( Jha et al. 1999ch . The 
Si II A6355 line was shallow an d absorptions due to Fe III were present. O verall, there was 
strong similarity to SN 1991T (jFilippenko et al.lll992al ; iPhillips et al.lll992l ). The spectrum 
also showed Na I D absorption at the host galaxy's velocity (EW of 1.5 A) as well as an 
Na I D absorption of Galactic origin (EW of 0.8 A), suggesting that the SN suffered from 
reddening. The CfA spectra (Figures [31] and 132]) start at ten days before maximum and 
continue almost daily until a week past maximum. There are also many spectra one to three 
months past maximum. 
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Fig. 31. — Early spectra of SN 1999dq. The flux units, wavelength scale, and epoch for each 
spectrum described in Figured 
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Fig. 32. — Late spectra of SN 1999dq. The flux units and wavelength scale are as described 
in Figure Note that for the days +33.5, +46.5, +48.5, +58.5, and +88.5 spectra, the 
relative strengths of the lines are dependent on galaxy contamination of the spectra. This 
can be affected by variable seeing and different observed position angles. 
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SN 1999ej-The LOSS also found SN 1999ej on 1999 Oct 18 ([Friedman et al.lll999h . 
Based upon our first CfA spectrum (F igure 1331) . obtained one day before maximum, it was 
classified as an SN la (jJha et al.lll999al ). We have a few spectra, from near maximum to two 
weeks after maximum. 
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Fig. 33. — Spectra of SN 1999ej. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figured 
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SN 1999gd-The LOSS discovered SN 1999gd on 1999 Nov 24 flLil ll999bh . A spectrum 
revealed that it was of Type la and that a str ong narrow Na I D absorption was present, 
implying that the SN was extinguished by dust ( Filippenko Sz Garnavich 19991 ). The Na I D 
line can be seen in the CfA spectra (Figure 1341) and is at the host velocity. It has an EW 
of 4.7A. There limited number of spectra, the first at three days after maximum, with 
the rest mainly from a few weeks past maximum. 
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Fig. 34. — Spectra of SN 1999gd. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figure [7J The day +36 spectrum has been rebinned for clarity. 
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SN jgggqfe- lNakano et all (1199a ) reported the discovery of SN 1999gh on 1999 Dec 3. 
Subsequent spectroscopy showed that it was an SN la, and that t he Si II A5800 line was 
stron ger than usual, implying that this might be a subluminous SN la (jFilippenko fc Garnavich 



19991 ). We have an extensive set of spectra (Figure [3^]) . but all from well past m aximum 



(starting at six days after maximum). The Amis(S) value of 1.69 (IJha et al.ll2006l ) confirms 
that this was a peculiar SN la. 
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Fig. 35. — Spectra of SN 1999gh. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 1999gp-This SN was discovered by the LOSS on 1999 Dec 23 flPapenkova fc Li 
19991 ). Our first CfA spectrum fFig ure 1361). obtained five days before maximum, was used 



to classify SN 1999gp as an SN la (IJha et al.ll2000a ). There is good cove rage of the post- 
maxim um decline as well as some spectra several weeks past maximum. 
( 120011 ) present optical and infra-red photometry of this SN. 



Krisciunas et al. 
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Fig. 36. — Spectra of SN 1999gp. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 2000B AAntomm et all fl2000h found SN 2 000B on 2000 Jan 13. Spectroscopy re- 
vealed that it was of Type la (jColas et al.l |2000| ). The CfA spectra (Figure [37]) are all 



from past maximum, starting at nine days after maximum, with most several weeks past 
maximum. 
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Fig. 37. — Spectra of SN 2000B. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figure [7J The days +37 and +49 spectra have been rebinned 
for clarity. 
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SN 2000cf- \Pnckett & Sehgall fl2000h discovered SN2000cf on 2000 May 9. Our first CfA 
spectrum (Figure |38|). obta ined four days after maximum, was used to classify SN 2000cf as 



an SN la (IJha et al.ll2000d ). There is limited spectroscopic coverage, all past maximum. 
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Fig. 38. — Spectra of SN 2000cf. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figured 
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SN 2000cn-The LOSS found SN 2000cn on 2000 Jun 2 (IPapenkova fc Lill2000h . Two 
groups (including the CfA, using our first spectrum obtai ned nine days bef ore maximum) 
reported that spectroscopy showed that this was an SN la (IJha et al.ll2000bl ). Not noted in 
those initial reports, but apparent in our spectra (Figure 15^1), is the re lative strength of Si II 
A5800 line. Photometry indicated Amis (B) was 1.58 (jjhaet alJbooS ). confirming that this 
was a subluminous event. Many of the spectra are from several weeks past maximum, but 
there are a few at early epochs. 
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Fig. 39. — Spectra of SN 2000cn. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figured 
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SN 2000cx-Anothei LOSS discovery, SN 2000cx was found on 2000 J ul 17 flYu et al. 



2000). Spectroscopy showed th at it was an SN la, but with some peculiarities (jChornock et al. 



20001 ). It resembled SN 1991T flFilippenko et al.lll992al : IPhillips et al.lll992f ). with weak Si II 



A6355 and absorptions due to Fe III. This can be seen in the CfA spectra (Figure HOT) ; there 
are a few near maximum, starting at maximum, but most are from several weeks to months 
past maximum, almost to the onset of the truly neb ular pha s e (agai n as a result of the 
August shutdown at Mt. Hopkins). As discussed by iLi et al.l (j2001al ). SN 2000cx turned 
out to be so peculiar as to be unique. The light-curve shape did not match templates, and 



the spectroscopic evolution, while similar to SN 1991 



SN elicited many further analyses (I Cuadr a et al.l 



2002; 



was also distinctive. This unusual 



Rudv et al.112002 : ICandia et al.ll2003 



Branch et al. 2004; Thomas et al. 2004; Sollerman et al. 



20041 ). 
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Fig. 40. — Spectra of SN 2000cx. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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SN 2000dk-The LOSS discovered SN 2000dk on 2000 Sep 18 flBeckmann fc Lil 120001 ) . 
Our first CfA spectrum ( Figure I^Tl) . obtain ed five days before maximum, was used to classify 
SN 2000dk as an SN la (IJha et al.ll2000dl ). In that report, it was not noted that the Si II 
A5800 line was relatively strong and that Ti II fea tures were apparent, as can be seen in Figure 
361 The Ami 5 (B) value of 1.57 ( Jha et aDbood ). showed that this was a subluminous event. 
We have a few spectra around maximum, and a few at late times. iMarion et al.l (120031 ) show 
an infra-red spectrum of SN 2000dk. 
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Fig. 41. — Spectra of SN 2000dk. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figure [7J The days +59, +88.5, and +121 spectra have been 
rebinned for clarity. 
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SN 2000fa-Another LOSS discovery, SN 2000fa was found on 2000 Nov 30 flFriedman et al 
20001 ). Using our first CfA spectrum (Figure H2l) . this SN was classified as an SN la 



( IMatheson et al.ll2000bl ). We have many spectra from maximum through several weeks past 
maximum, as well as the first two, both obtained ten days before maximum. 
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Fig. 42. — Spectra of SN 2000fa. The flux units, wavelength scale, and epoch for each 
spectrum are as described in Figure [7J The days +32, +38, and +99.5 spectra have been 
rebinned for clarity. In addition, the day +99.5 spectrum has been rescaled (so the zero 
point is not indicated). 
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SN 2001V-Duimg the course of a redshift survey program at Mt. Hopkins, iJha et al. 



( I200ll ) discovered SN 2001V spectroscopically on 2001 Feb 19. This spectrum revealed it to 
be an SN la, at a very early epoch, thirteen days before maximum. We were able to get 

from 13 days before maximum 



extensive spectroscopic coverage of this SN ( Figures H31 and 
to more than three months past maximum. IVinko et al.l (120031 ) also present photometry of 
SN 2001V. 
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Fig. 43. — Early spectra of SN 2001V. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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Fig. 44. — Late spectra of SN 2001V. The flux units, wavelength scale, and epoch for each 
spectrum £1X6 £IS described in Figure 
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5. Conclusions 

We have presented a large, homogeneous set of low- dispersion optical spectra of SNe la. 
All the SNe have well-calibrated light curves with known properties such as the decline 
rate. The consistency of observation and reduction makes this an ideal sample for studying 
spectroscopic characteristics of SNe la in relation to the nature of their light curves (e.g., 
Matheson et al. 2008, in preparation). 

We would like to thank the staffs of the F. L. Whipple and MMT Observatories for 
their extensive assistance and support during this project. We would also like to thank 
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FLWO, especially in allowing the day- by-day monitoring of so many SNe. This research was 
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Table 1. SN la and Host Basic Data 



SN Host c2 hclio a Host morph. b E(B - U) Ga iactic c 







galaxy 


km s 1 




mag 


SN 


1997do 


UGC 3845 


3034 


Sbc 


0.063 


SN 


1997dt 


NGC 7448 


2194 


Sbc 


0.057 


SN 


1998V 


NGC 6627 


5268 


Sb 


0.196 


SN 


1998ab 


NGC 4704 


8134 


Sc 


0.017 


SN 


1998aq 


NGC 3982 


1184 


Sb 


0.014 


SN 


1998bp 


NGC 6495 


3127 


E 


0.076 


SN 


1998bu 


NGC 3368 


897 


Sab 


0.025 


SN 


1998de 


NGC 252 


4990 


SO 


0.057 


SN 


1998dh 


NGC 7541 


2678 


Sbc 


0.068 


SN 


1998dk 


UGC 139 


3963 


Sc 


0.044 


SN 


1998dm 


MCG-0 1-4-44 


1968 


Sc 


0.044 


SN 


1998ec 


UGC 3576 


5966 


Sb 


0.085 


SN 


1998eg 


UGC 12133 


7423 


Sc 


0.123 


SN 


1998es 


NGC 632 


3168 


SO 


0.032 


SN 


1999X 


CGCG 180-22 


7503 




0.032 


SN 


1999aa 


NGC 2595 


4330 


Sc 


0.040 


SN 


1999ac 


NGC 6063 


2848 


Scd 


0.046 


SN 


1999by 


NGC 2841 


638 


Sb 


0.016 


SN 


1999cc 


NGC 6038 


9392 


Sc 


0.023 


SN 


1999cl 


NGC 4501 (M88) 


2281 


Sb 


0.038 


SN 


1999dq 


NGC 976 


4295 


Sc 


0.110 


SN 


1999ej 


NGC 495 


4114 


SO/Sa 


0.071 


SN 


1999gd 


NGC 2623 


5535 


Sa 


0.041 


SN 


1999gh 


NGC 2986 


2302 


E 


0.058 


SN 


1999gp 


UGC 1993 


8018 


Sb 


0.056 


SN 


2000B 


NGC 2320 


5901 


E 


0.068 


SN 


2000cf 


MCG+11-19-25 


10920 


Sbc 


0.032 


SN 


2000cn 


UGC 11064 


7043 


Scd 


0.057 


SN 


2000cx 


NGC 524 


2379 


SO 


0.082 


SN 


2000dk 


NGC 382 


5228 


E 


0.070 



Table 1 — Continued 



SN 


Host 


C^helio 


Host morph. b 


E(B — V) Galactic 




galaxy 


km s _1 




mag 


SN 2000fa 


UGC 3770 


6378 


Sd/Irr 


0.069 


SN 2001V 


NGC 3987 


4502 


Sb 


0.020 



a Heliocentric redshifts listed are from the Updated Zwicky Catalog (IFalco et al.lll999l ) if 
possible, and from the NASA/IPAC Extragalactic Database (NED) if not. For the host of 
SN 2000cf (MCG+11-19-25), we derived the velocity of 10920 km s" 1 from our own spectra 
of the host galaxy. 

b Host galaxy morphology is taken from NED, if possible, and from the LEDA database if 
not. 



c The Galactic reddening towar d each SN is derived from the dust maps of 
Schlegel. Finkbeiner. fc David (119981 ). 



Table 2. JOURNAL OF OBSERVATIONS 
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TT TT\b 

rlJU 


r^riasc 


Tel d 

iei. 


Ivangc 


rxes. 
\ A ) 


t> A f 
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Air. 


r lux otu. 


Q OQ i 
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\ ) 
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Obscrver(s) J 


SN 1997do 


































1997-11-02.45 


2450754.95 


-11 


FLWO 


3720-7540.5 


7.0 


90.0 


-128.7 


1 


.07 


F34 


1-2 


3 


600 


DK 




1997-11-03.42 


2450755.92 


-10 


FLWO 


3720-7540.5 


7.0 


90.0 


-114.7 


1 


.11 


F34 


1 


3 


600 


DK 




1997-11-06.49 


2450758.99 


-7 


FLWO 


3720-7540.5 


7.0 


90.0 


-177.4 


1 


.04 


F34 


1-2 


3 


1200 


PB 




1997-11-07.49 


2450760.00 


-6 


FLWO 


3720-7540.5 


7.0 


90.0 


172.3 


1 


.04 


F34 


1-2 


3 


900 


PB 




1997-11-22.44 


2450774.95 


8.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-172.3 


1 


.04 


F34 


1-2 


2 


1200+900 


PB, JK, BW 




1997-11-24.44 


2450776.94 


10.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-173.3 


1 


.04 


F34 


1-2 


3 


900 


PB 




1997-11-25.36 


2450777.87 


11.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-116.2 


1 


.09 


F34 


2 


3 


1020 


PB 




1997-11-26.36 


2450778.86 


12.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-114.9 


1 


.09 


F34 


2-3 


3 


1200 


PB 




1997-11-28.48 


2450780.98 


14.5 


FLWO 


3720-7540.5 


7.0 


90.0 


134.2 


1 


.08 


F34 


2-3 


3 


1200 


PB 




1997-11-29.53 


2450782.04 


15.5 


FLWO 


3720-7540.5 


7.0 


90.0 


104.7 


1 


.21 


F34 


1.5 


3 


720 


PB 




1997-12-04.31 


2450786.82 


20.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-105.6 


1 


.15 


F34 


2 


3 


900 


JM 




1997-12-05.28 


2450787.79 


21.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-96.0 


1 


.24 


F34 


2 


3 


900 


JM 


SN 1997dt 






























1 




1997-11-23.17 


2450775.68 


-10 


FLWO 


3720-7540.5 


7.0 


90.0 


53.7 


1 


.20 


F34 


1-2 


3 


900 


PB, JK « 




1997-11-24.70 


2450776.57 


-9 


FLWO 


3720-7540.5 


7.0 


90.0 


-21.5 


1 


.04 


F34 


1-2 


3 


1200 


PB, JK *" 




1997-11-25.10 


2450777.60 


-8 


FLWO 


3720-7540.5 


7.0 


90.0 


9.2 


1 


.05 


F34 


1-2 


3 


1200 


PB 




1997-11-26.12 


2450778.62 


-7 


FLWO 


3720-7540.5 


7.0 


90.0 


34.8 


1 


.08 


F34 


2-3 


3 


1200 


PB 




1997-11-29.90 


2450781.59 


-4 


FLWO 


3720-7540.5 


7.0 


90.0 


13.6 


1 


.05 


F34 


2 


3 


1200 


PB 




1997-12-04.90 


2450786.59 


1 


FLWO 


3720-7540.5 


7.0 


90.0 


29.7 


1 


.07 


F34 


2 


3 


1200 


JM 




1997-12-06.99 


2450788.59 


3 


FLWO 


3720-7540.5 


7.0 


90.0 


32.6 


1 


.08 


F34 


2 


3 


1200 


JM 


SN 1998V 


































1998-03-19.50 


2450892.00 


0.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-53.4 


1 


.13 


F34 


3 


3 


900 


DK, MC 




1998-03-20.49 


2450892.99 


1.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-55.6 


1 


.16 


F34 


2 


3 


900 


DK 




1998-03-21.50 


2450894.00 


2.5 


FLWO 


3720-7510.5 


7.0 


90.0 


-53.6 


1 


.13 


F34 


2 


3 


900 


DK 




1998-03-31.47 


2450903.97 


12.5 


FLWO 


3720-7521 


7.0 


90.0 


-52.3 


1 


.12 


F34 


2-3 


3 


900 


JM 




1998-04-01.49 


2450904.99 


13.5 


FLWO 


3720-7521 


7.0 


90.0 


-46.4 


1 


.08 


F34 


1-2 


3 


900 


PB, MC 




1998-04-03.48 


2450906.98 


15.5 


FLWO 


3720-7500 


7.0 


90.0 


-46.8 


1 


.08 


F34 


1-2 


3 


900 


PB, MC 




1998-04-29.49 


2450932.99 


41 


FLWO 


3720-7521 


7.0 


90.0 


18.0 


1 


.06 


F34 


2-3 


3 


1200 


PB 




1998-05-02.47 


2450935.98 


44 


FLWO 


3720-7521 


7.0 


90.0 


12.1 


1 


.05 


F34 


3 


3 


1200 


MC 


SN 1998ab 


































1998-04-03.36 


2450906.87 


-7.5 


FLWO 


3720-7500 


7.0 


90.0 


117.6 


1 


.07 


F34 


1-2 


3 


900 


PB, MC 




1998-04-29.26 


2450932.77 


18 


FLWO 


3720-7521 


7.0 


90.0 


142.3 


1 


.03 


F34 


2-3 


3 


900 


PB 




1998-04-30.25 


2450933.75 


19 


FLWO 


3720-7521 


7.0 


90.0 


162.0 


1 


.02 


F34 


2-3 


3 


900 


MC 



Table 2 — Continued 



TTT Dn+f> a 


HJD b 
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rvangc 


Res c 


P. A. f 


Par s 


Air. 
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( A J 
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\ ) 


\ ) 


V s ) 




1998-05-01.26 


2450934.76 


20 


FLWO 


3720-7521 


7.0 


90.0 


141.2 


1 


.03 


F34 


3 


3 


900 


MC 


1998-05-02.24 


2450935.75 


21 


FLWO 


3720-7521 


7.0 


90.0 


158.9 


1 


.02 


F34 


3 


3 


900 


MC 


1998-05-03.25 


2450936.75 


21.5 


FLWO 


3720-7515 


7.0 


90.0 


149.6 


1 


.03 


F34 


1-2 


3 


1200 


PB 


1998-05-04.26 


2450937.77 


22.5 


FLWO 


3720-7512 


7.0 


90.0 


128.6 


1 


.05 


F34 


1-2 


3 


1200 


PB 


1998-05-16.22 


2450949.72 


34.5 


FLWO 


3720-7540.5 


7.0 


90.0 


139.2 


1 


.04 


F34 


1-2 


3 


1200 


PB 


1998-05-18.20 


2450951.70 


36.5 


FLWO 


3720-7540.5 


7.0 


90.0 


157.4 


1 


.03 


F34 


1 


3 


1200 


MC 


1998-05-28.23 


2450961.73 


46 


FLWO 


3720-7540.5 


7.0 


91.0 


110.9 


1 


.10 


F34 


2 


3 


1200 


PB 


1998-06-01.20 


2450965.71 


50 


FLWO 


3720-7540.5 


7.0 


91.0 


116.0 


1. 


.08 


F34 


2 


3 


1200 


MC 


SN 1998aq 






























1998-04-28.25 


2450931.75 


1 


FLWO 


3720-7510.5 


7.0 


90.0 


148.6 


1 


.12 


F34 


2 


3 


600 


PB 


1998-04-29.25 


2450932.75 


2 


FLWO 


3720-7521 


7.0 


90.0 


145.0 


1 


.13 


F34 


2-3 


3 


600 


PB 


1998-04-30.24 


2450933.74 


3 


FLWO 


3720-7521 


7.0 


90.0 


152.8 


1 


.11 


F34 


2-3 


3 


600 


MC 


1998-05-01.25 


2450934.75 


4 


FLWO 


3720-7521 


7.0 


90.0 


145.2 


1 


.13 


F34 


3 


3 


600 


MC 


1998-05-02.22 


2450935.72 


5 


FLWO 


3720-7521 


7.0 


90.0 


158.4 


1 


.10 


F34 


3 


3 


600 


MC 


1998-05-03.24 


2450936.74 


6 


FLWO 


3720-7515 


7.0 


90.0 


148.0 


1 


.12 


F34 


1-2 


3 


600 


PB * 


1998-05-04.25 


2450937.75 


7 


FLWO 


3720-7512 


7.0 


90.0 


136.3 


1 


15 


F34 


1-2 


3 


600 


PB C 


1998-05-16.16 


2450949.66 


19 


FLWO 


3720-7540.5 


7.0 


90.0 


176.9 


1 


.09 


F34 


1-2 


3 


600 


PB 


1998-05-18.19 


2450951.69 


21 


FLWO 


3720-7540.5 


7.0 


90.0 


151.8 


1 


.11 


F34 


1 


3 


600 


MC 


1998-05-28.21 


2450961.71 


31 


FLWO 


3720-7540.5 


7.0 


91.0 


122.3 


1 


.21 


F34 


2 


3 


660 


PB 


1998-05-29.18 


2450962.68 


32 


FLWO 


3720-7540.5 


7.0 


91.0 


136.4 


1 


.15 


F34 


2-3 


3 


660 


PB 


1998-05-31.19 


2450964.69 


34 


FLWO 


3720-7540.5 


7.0 


91.0 


131.8 


1 


.17 


F34 


2 


3 


900 


MC 


1998-06-02.22 


2450966.72 


36 


FLWO 


3720-7540.5 


7.0 


91.0 


113.2 


1 


.27 


BD28 


3 


3 


600 


MC 


1998-06-17.16 


2450981.65 


50.5 


FLWO 


3720-7540.5 


7.0 


90.0 


123.9 


1 


.21 


BD28 


1-2 


3 


900 


BC 


1998-06-21.17 


2450985.67 


54.5 


FLWO 


3720-7540.5 


7.0 


90.0 


112.7 


1. 


.28 


BD28 


1-2 


3 


900 


MC 


1998-06-24.18 


2450988.68 


57.5 


FLWO 


3720-7540.5 


7.0 


90.0 


106.4 


1. 


.35 


BD28 


1-2 


3 


900 


PB 


1998-06-26.18 


2450990.68 


59.5 


FLWO 


3720-7540.5 


7.0 


90.0 


104.7 


1 


.36 


BD28 


1-2 


3 


720 


PB, KR 


1998-06-29.16 


2450993.66 


62.5 


FLWO 


3720-7540.5 


7.0 


90.0 


106.9 


1 


.34 


BD28 


1-2 


3 


900 


KR 


1998-07-02.16 


2450996.66 


65.5 


FLWO 


3720-7540.5 


7.0 


90.0 


103.8 


1 


.37 


BD28 


2-3 


3 


660 


PB 


1998-07-15.20 


2451009.70 


78.5 


FLWO 


3720-7540.5 


7.0 


90.0 


82.1 


1 


.92 


BD28 


2 


3 


1200 


PB 


1998-07-18.17 


2451012.67 


81.5 


FLWO 


3720-7540.5 


7.0 


90.0 


87.6 


1 


.67 


BD28 


2 


3 


600 


MC 


1998-07-27.16 


2451021.66 


90.5 


FLWO 


3720-7540.5 


7.0 


90.0 


82.8 


1. 


.86 


BD28 


2 


3 


900 


PB 


1998-11-24.53 


2451142.03 


210.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-117.2 


1 


.19 


F34 


1-2 


3 


1200+900 


KR, JH 


1998-12-14.53 


2451162.03 


230.5 


FLWO 


3720-7540.5 


7.0 


59.0 


-144.2 


1. 


.11 


F34 


1-2 


3 


2x1200 


MC, AM 


1998-12-24.53 


2451172.03 


240.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-162.5 


1 


.09 


F34 


2 


3 


2x1200 


MC 



Table 2 — Continued 



UT Date a 


HJD b 


Phase c 


Tcl. d 


Range 


Res. c 


P.A. f 


Par. g Air. Flux Std. h See. 1 


Slit 


Exp. 


Observcr(s) J 










(A) 


(A) 


(°) 


(°) (") 


(") 


(s) 





SN 1998bp 



1998- 


-04-30 


.45 


2450933 


.96 


-2.5 


FLWO 


3720-7521 


1998- 


■05-01 


46 


2450934. 


.96 


-1.5 


FLWO 


3720-7521 


1998- 


■05-02. 


.46 


2450935. 


.96 


-0.5 


FLWO 


3720-7521 


1998- 


-05-03 


44 


2450936 


.94 


0.5 


FLWO 


3720-7515 


1998- 


■05-04. 


38 


2450937. 


.88 


1.5 


FLWO 


3720-7512 


1998- 


■05-16. 


43 


2450949. 


93 


13.5 


FLWO 


3720-7540.5 


1998- 


-05-18. 


34 


2450951 


,84 


15.5 


FLWO 


3720-7540.5 


1998- 


-05-28. 


.45 


2450961 


96 


25.5 


FLWO 


3720-7540.5 


1998- 


■05-29. 


41 


2450962. 


.91 


26 


FLWO 


3720-7540.5 


1998- 


-05-31 


39 


2450964 


.89 


28 


FLWO 


3720-7540.5 


1998- 


-06-02. 


,34 


2450966. 


,84 


30 


FLWO 


3720-7540.5 


1998- 


■07-19. 


,24 


2451013. 


,74 


76.5 


FLWO 


3720-7540.5 



SN 1998bu 



1998- 


-05-16. 


14 


2450949 


64 


-2.5 


FLWO 


3720- 


-7540 


,5 


1998- 


■05-17, 


14 


2450950. 


64 


-2 


FLWO 


3720- 


■7540. 


,5 


1998- 


■05-18, 


15 


2450951. 


.65 


-0.5 


FLWO 


3720- 


■7540. 


,5 


1998- 


-05-20. 


15 


2450953 


.65 


1 


FLWO 


3620- 


■5520, 


5 


1998- 


■05-28. 


18 


2450961. 


.68 


9 


FLWO 


3720- 


■7540. 


,5 


1998- 


■05-29, 


17 


2450962. 


.67 


10 


FLWO 


3720- 


■7540. 


,5 


1998- 


-05-30. 


17 


2450963 


67 


11 


FLWO 


3720- 


■7540. 


,5 


1998- 


■05-31. 


17 


2450964. 


67 


12 


FLWO 


3720- 


■7540 


,5 


1998- 


06-01, 


18 


2450965. 


,68 


13 


FLWO 


3720- 


■7540 


5 


1998- 


-06-02, 


20 


2450966 


70 


14.5 


FLWO 


3720- 


■7540, 


5 


1998- 


■06-16, 


17 


2450980 


.67 


28 


FLWO 


3720- 


■7540 


5 


1998- 


■06-17, 


14 


2450981. 


.64 


29 


FLWO 


3720- 


■7540 


,5 


1998- 


■06-18, 


14 


2450982 


64 


30 


FLWO 


3720- 


■7540, 


5 


1998- 


■06-19. 


14 


2450983 


63 


31 


FLWO 


3720- 


-7540 


,5 


1998- 


■06-20. 


14 


2450984. 


64 


32 


FLWO 


3720- 


■7540 


5 


1998- 


■06-21, 


16 


2450985. 


.66 


33 


FLWO 


3720- 


■7540 


5 


1998- 


-06-22, 


16 


2450986. 


.66 


34 


FLWO 


3720- 


■7540, 


5 


1998- 


■06-23. 


16 


2450987. 


.66 


35 


FLWO 


3720- 


■7540 


5 


1998- 


■06-24. 


16 


2450988. 


.66 


36 


FLWO 


3720- 


■7540. 


,5 


1998- 


-06-25. 


16 


2450989 


66 


37 


FLWO 


3720- 


-7540 


,5 



7.0 


90.0 


5.7 


1 


.03 


F34 


2-3 


3 


1200 


MC 


7.0 


90.0 


12.7 


1 


,03 


F34 


3 


3 


900 


MC 


7.0 


90.0 


20.8 


1 


.04 


F34 


3 


3 


900 


MC 


7.0 


90.0 


-0.0 


1 


.03 


F34 


1-2 


3 


900 


PB 


7.0 


90.0 


-51.9 


1 


,07 


F34 


1-2 


3 


900 


PB 


7.0 


90.0 


26.4 


1 


.04 


F34 


1-2 


3 


840 


PB 


7.0 


90.0 


-51.0 


1 


.06 


F34 


1 


3 


1200 


MC 


7.0 


91.0 


57.5 


1 


.19 


F34 


2 


3 


900 


PB 


7.0 


91.0 


41.2 


1 


,07 


F34 


2-3 


3 


900 


PB 


7.0 


91.0 


26.1 


1 


,05 


F34 


2 


3 


1200 


MC 


7.0 


91.0 


-25.1 


1 


,03 


BD28 


3 


3 


900 


MC 


7.0 


90.0 


8.5 


1 


.04 


BD28 


2-3 


3 


1200 


MC 


7.0 


90.0 


27.2 


1 


.09 


F34 


1-2 


3 


3x300 


PB 


7.0 


90.0 


28.1 


1 


,09 


F34 


1-2 


3 


3x300 


MC 


7.0 


90.0 


35.3 


1 


.11 


F34 


1 


3 


3x300 


MC 


7.0 


32.5 


36.5 


1 


.12 


F34 


2 


3 


300+600 


KD, NC 


7.0 


91.0 


54.8 


1 


.35 


F34 


2 


3 


3x300 


PB 


7.0 


91.0 


53.4 


1 


.30 


F34 


2-3 


3 


3x300 


PB 


7.0 


91.0 


53.4 


1 


.30 


F34 


2 


3 


3x330 


PB 


7.0 


91.0 


54.4 


1 


.33 


F34 


2 


3 


3x300 


MC 


7.0 


91.0 


56.0 


1 


.40 


F34 


2 


3 


3x300 


MC 


7.0 


91.0 


57.9 


1 


.54 


BD28 


3 


3 


3x300 


MC 


7.0 


90.0 


59.1 


1 


.70 


BD28 


2 


3 


3x300 


BC 


7.0 


90.0 


56.7 


1 


.44 


BD28 


1-2 


3 


3x300 


BC 


7.0 


90.0 


56.8 


1 


.45 


BD28 


1-2 


3 


3x300 


BC 


7.0 


90.0 


56.4 


1 


.42 


BD28 


1-2 


3 


3x300 


BC 


7.0 


90.0 


57.4 


1 


.49 


BD28 


1-2 


3 


3x300 


BC 


7.0 


90.0 


59.0 


1 


.69 


BD28 


1-2 


3 


3x300 


MC 


7.0 


90.0 


59.2 


1 


.74 


BD28 


2 


3 


3x300 


MC 


7.0 


90.0 


59.6 


1 


.88 


BD28 


1-2 


3 


2x600 


MC 


7.0 


90.0 


59.8 


1 


.98 


BD28 


1-2 


3 


2x660 


PB 


7.0 


90.0 


59.9 


2 


.00 


BD28 


1-2 


3 


2x600 


PB 



Table 2 — Continued 





u i uate 


TT TT-\b 

rlJU 


^ nase 


lei. 


Range 


rurS. 


P A f 


rar. 


Air. 


r lux ota. 


Q aQ i 
oeC. 


out 


x!jXp. 


Obscrvcr(s) J 












( A J 




V ) 


( ) 






\ ) 


\ ) 


V s ) 






1998-06-26.16 


2450990.66 


38 


FLWO 


3720-7540.5 


7.0 


90.0 


60.0 


2.08 


BD28 


1-2 


3 


2x600 


PB, KR 




1998-06-27.19 


2450991.69 


39 


FLWO 


3720-7540.5 


7.0 


90.0 


60.4 


2.79 


BD28 


1-2 


3 


2x600 


KR 




1998-06-28.15 


2450992.65 


40 


FLWO 


3720-7540.5 


7.0 


90.0 


59.8 


2.05 


BD28 


1-2 


3 


900 


KR 




1998-06-29.15 


2450993.65 


41 


FLWO 


3720-7540.5 


7.0 


90.0 


59.8 


2.04 


BD28 


1-2 


3 


900 


KR 




1998-06-30.16 


2450994.66 


42 


FLWO 


3720-7540.5 


7.0 


90.0 


60.2 


2.34 


BD28 


1-2 


3 


900 


KR 




1998-07-01.16 


2450995.65 


43 


FLWO 


3720-7540.5 


7.0 


90.0 


60.2 


2.29 


BD28 


1-2 


3 


900 


KR 




1998-07-02.16 


2450996.65 


44 


FLWO 


3720-7540.5 


7.0 


90.0 


60.2 


2.22 


BD28 


1-2 


3 


600 


PB 




1998-07-15.16 


2451009.66 


57 


FLWO 


3720-7540.5 


7.0 


90.0 


60.1 


4.47 


BD28 


1-2 


3 


720 


PB 




1998-11-14.50 


2451131.99 


179 


FLWO 


3720-7521 


7.0 


90.0 


-55.0 


1.28 


F34 


3 


3 


2x1200 


MC 




1998-11-25.52 


2451143.02 


190 


FLWO 


3720-7540.5 


7.0 


90.0 


-38.6 


1.10 


F34 


1-2 


3 


2x1200 


KR, JH 




1998-12-13.52 


2451161.02 


208 


FLWO 


3720-7540.5 


7.0 


39.0 


-3.9 


1.06 


F34 


2-3 


3 


2x1200 


MC 




1998-12-22.46 


2451169.96 


217 


FLWO 


3720-7540.5 


7.0 


90.0 


-34.0 


1.08 


F34 


2 


3 


2x1200 


SJ 




1999-01-17.44 


2451195.94 


243 


FLWO 


3720-7540.5 


7.0 


90.0 


5.6 


1.07 


F34 


1-2 


3 


2x1200 


MC 


SN 1998dc 
































1998-07-25.44 


2451019.94 


-6.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-72.5 


1.03 


BD28 


2 


3 


1200 


MC 




1998-07-26.45 


2451020.96 


-5.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-69.6 


1.02 


BD28 


2 


3 


2x1200 


PB 




1998-07-27.43 


2451021.93 


-4.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-73.0 


1.04 


BD28 


1-2 


3 


1200 


PB 




1998-07-29.49 


2451023.99 


-2.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-13.4 


1.00 


BD28 


2 


3 


1200 


MC 




1998-07-30.45 


2451024.95 


-1.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-66.9 


1.01 


BD28 


2 


3 


900 


MC 




1998-08-01.40 


2451026.90 





FLWO 


3720-7540.5 


7.0 


90.0 


-73.8 


1.09 


BD28 


2-3 


3 


900 


PB 




1998-08-04.45 


2451029.95 


3 


FLWO 


3720-7540.5 


7.0 


90.0 


-61.0 


1.00 


BD28 


2 


3 


1200 


PB 


SN 1998dh 
































1998-07-26.43 


2451020.93 


-9 


FLWO 


3720-7540.5 


7.0 


90.0 


-3.0 


1.12 


BD28 


2 


3 


600 


PB 




1998-07-27.39 


2451021.89 


-8 


FLWO 


3720-7540.5 


7.0 


90.0 


-25.9 


1.15 


BD28 


1-2 


3 


600 


PB 




1998-07-28.38 


2451022.88 


-7 


FLWO 


3720-7540.5 


7.0 


90.0 


-28.5 


1.15 


BD28 


2-3 


3 


1200 


PB 




1998-07-30.43 


2451024.93 


-5 


FLWO 


3720-7540.5 


7.0 


90.0 


2.9 


1.13 


BD28 


2 


3 


900 


MC 




1998-08-01.39 


2451026.89 


-3 


FLWO 


3720-7540.5 


7.0 


90.0 


-18.0 


1.13 


BD28 


2-3 


3 


600 


PB 




1998-08-04.34 


2451029.85 





FLWO 


3720-7540.5 


7.0 


90.0 


-35.9 


1.20 


BD28 


2 


3 


600 


PB 




1998-09-10.35 


2451066.86 


36.5 


FLWO 


3720-7540.5 


7.0 


90.0 


26.9 


1.19 


BD28 


2 


2 


900 


MC 




1998-09-14.34 


2451070.85 


40.5 


FLWO 


3720-7540.5 


7.0 


90.0 


27.9 


1.20 


BD28 


2-3 


3 


1200 


PB 




1998-09-17.39 


2451073.89 


43.5 


FLWO 


3720-7540.5 


7.0 


90.0 


46.4 


1.45 


BD28 


2-3 


3 


1200 


MC 




1998-09-19.30 


2451075.81 


45.5 


FLWO 


3720-7540.5 


7.0 


90.0 


13.7 


1.15 


BD28 


1-2 


3 


1200 


PB 


SN 1998dk 
































1998-09-10.38 


2451066.89 


10 


FLWO 


3720-7540.5 


7.0 


90.0 


19.7 


1.25 


BD28 


2 


2 


1200 


MC 
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U 1 uatc 


rij U 


Fnasc 


lei. 


Range 


rtes. 


r. A. 


.r ar. to 


Air. 


r lux ota. 


Cq. i 
oec. 


Ql; + 
Ollt 


Exp. 


Observer(s) J 












( A ) 


V A J 


\ 1 


\ 1 






( ) 


\ ) 


V s ) 






1998-09-11.32 


2451067.83 


11 


FLWO 


3720-7540.5 


7.0 


90.0 


-11.7 


1.19 


BD28 


2 


2 


600 


MC 




1998-09-13.37 


2451069.88 


13 


FLWO 


3720-7540.5 


7.0 


90.0 


17.0 


1.23 


BD28 


2 


3 


900 


PB 




1998-09-16.38 


2451072.89 


16 


FLWO 


3720-7540.5 


7.0 


90.0 


25.3 


1.28 


BD28 


2-3 


3 


1200 


MC 




1998-09-18.37 


2451074.87 


18 


FLWO 


3720-7540.5 


7.0 


90.0 


21.5 


1.26 


BD28 


2-3 


3 


1200 


MC 




1998-09-21.35 


2451077.86 


21 


FLWO 


3720-7561.5 


7.0 


90.0 


17.6 


1.23 


BD28 


1-2 


3 


1042 


PB 




1998-09-23.36 


2451079.87 


23 


FLWO 


3720-7561.5 


7.0 


90.0 


25.8 


1.29 


BD28 


2 


3 


1200 


MC 




1998-09-30.33 


2451086.83 


30 


FLWO 


3720-7540.5 


7.0 


90.0 


18.3 


1.24 


BD28 


1-2 


3 


1200 


MC 




1998-10-15.32 


2451101.82 


44.5 


FLWO 


3720-7540.5 


7.0 


90.0 


31.4 


1.34 


H600 


2-3 


3 


1200 


MC 




1998-10-24.25 


2451110.75 


53.5 


FLWO 


3720-7461 


7.0 


90.0 


12.1 


1.20 


H600 


2 


3 


258 


PB 


SN 1998dm 
































1998-09-10.40 


2451066.90 


5 


FLWO 


3720-7540.5 


7.0 


90.0 


0.8 


1.27 


BD28 


2 


2 


1200 


MC 




1998-09-11.31 


2451067.82 


5.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-35.2 


1.40 


BD28 


2 


2 


1200 


MC 




1998-09-13.41 


2451069.92 


8 


FLWO 


3720-7540.5 


7.0 


90.0 


10.8 


1.29 


BD28 


2 


3 


900 


PB 




1998-09-16.39 


2451072.90 


11 


FLWO 


3720-7540.5 


7.0 


90.0 


5.8 


1.28 


BD28 


2-3 


3 


900 


MC 




1998-09-18.38 


2451074.88 


13 


FLWO 


3720-7540.5 


7.0 


90.0 


1.8 


1.27 


BD28 


2-3 


3 


900 


MC 1 
< 




1998-09-21.38 


2451077.89 


16 


FLWO 


3720-7561.5 


7.0 


90.0 


9.5 


1.29 


BD28 


1-2 


3 


900+210 


PB 




1998-09-23.38 


2451079.88 


17.5 


FLWO 


3720-7561.5 


7.0 


90.0 


6.7 


1.28 


BD28 


2 


3 


900 


MC 




1998-09-30.34 


2451086.85 


24.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-1.4 


1.27 


BD28 


2 


3 


900 


MC 




1998-10-15.33 


2451101.83 


39.5 


FLWO 


3720-7540.5 


7.0 


90.0 


12.9 


1.30 


H600 


2-3 


3 


900 


MC 




1998-10-23.34 


2451109.85 


47.5 


FLWO 


3720-7461 


7.0 


90.0 


28.7 


1.45 


H600 


2 


3 


1200 


PB 


SN 1998ec 
































1998-09-29.51 


2451086.00 


-2.5 


FLWO 


3720-7482 


7.0 


90.0 


-126.5 


1.09 


BD28 


1-2 


3 


900 


PB, IS 




1998-09-30.49 


2451086.99 


-1.5 


FLWO 


3720-7521 


7.0 


90.0 


-121.5 


1.11 


BD28 


2 


3 


900 


PB, IS 




1998-10-15.47 


2451101.97 


13.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-128.9 


1.08 


H600 


2-3 


3 


1200 


MC 




1998-10-23.46 


2451109.96 


21 


FLWO 


3720-7461 


7.0 


90.0 


-139.6 


1.07 


H600 


2 


3 


1200 


PB 




1998-10-29.49 


2451115.99 


27 


FLWO 


3720-7422 


7.0 


90.0 


-175.8 


1.05 


H600 


1-2 


3 


900 


MC 




1998-11-11.50 


2451129.00 


40 


FLWO 


3720-7521 


7.0 


90.0 


138.9 


1.10 


F34 


3 


3 


2x1200 


PB 


SN 1998eg 
































1998-10-24.13 


2451110.64 





FLWO 


3720-7461 


7.0 


90.0 


-21.3 


1.09 


H600 


2 


3 


1200 


PB 




1998-10-29.17 


2451115.68 


5 


FLWO 


3720-7422 


7.0 


90.0 


17.6 


1.11 


H600 


1-2 


3 


900 


MC 




1998-10-30.15 


2451116.65 


6 


FLWO 


3720-7443 


7.0 


90.0 


1.1 


1.09 


H600 


1-2 


3 


1200 


MC 




1998-11-11.15 


2451128.65 


17.5 


FLWO 


3720-7521 


7.0 


90.0 


23.4 


1.13 


F34 


2 


3 


1200 


PB 




1998-11-13.18 


2451130.68 


19.5 


FLWO 


3720-7521 


7.0 


90.0 


41.6 


1.22 


F34 


3 


3 


700 


PB 




1998-11-17.16 


2451134.66 


23.5 


FLWO 


3720-7521 


7.0 


90.0 


40.2 


1.22 


F34 


1-2 


3 


1200 


PB 
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SN 1998cs 
































1998-11-14.21 


2451131.71 


-10 


FLWO 


3720-7521 


7.0 


90.0 


-13.3 


1.11 


F34 


3 


3 


600 


MC 




1998-11-15.24 


2451132.75 


-9 


FLWO 


3720-7521 


7.0 


90.0 


12.0 


1.12 


F34 


2-3 


3 


600 


MC 




1998-11-16.23 


2451133.74 


-8 


FLWO 


3300-6700.5 


7.0 


0.0 


7.8 


1.12 


F110 


1-2 


3 


900 


MC 




1998-11-17.19 


2451134.69 


-7 


FLWO 


3440-7521 


7.0 


155.0 


-24.8 


1.13 


F110/F34 


1-2 


3 


900+600 


PB 




1998-11-18.27 


2451135.77 


-6 


FLWO 


3400-7521 


7.0 


29.0 


29.5 


1.20 


F110/F34 


1-2 


3 


900+600 


PB 




1998-11-19.27 


2451136.78 


-5 


FLWO 


3420-7260 


7.0 


30.0 


34.4 


1.20 


F110 


1-2 


3 


480 


PB 




1998-11-20.24 


2451137.75 


-4 


FLWO 


3440-7260.5 


7.0 


37.0 


19.5 


1.14 


F110 


1-2 


3 


900 


MC 




1998-11-21.22 


2451138.72 


-3 


FLWO 


3440-7260.5 


7.0 


38.0 


4.3 


1.12 


F110 


3 


3 


900 


MC 




1998-11-22.24 


2451139.74 


-2 


FLWO 


3440-7260.5 


7.0 


37.0 


22.5 


1.15 


F110 


1-2 


3 


900 


MC 




1998-11-23.29 


2451140.79 


-1 


FLWO 


3440-7260.5 


7.0 


37.0 


44.0 


1.33 


F110 


1-2 


3 


900 


KR 




1998-11-25.20 


2451142.71 


1 


FLWO 


3460-7321 


7.0 


37.0 


2.5 


1.11 


F110 


1-2 


3 


900 


KR, JH 




1998-11-26.21 


2451143.71 


2 


FLWO 


3470-7320.5 


7.0 


-2.0 


7.2 


1.12 


F110 


3 


3 


900 


KR, JH 




1998-11-27.19 


2451144.70 


3 


FLWO 


3460-7340.5 


7.0 


-3.0 


1.0 


1.11 


F110 


1-2 


3 


900 


KR, JH 




1998-12-10.18 


2451157.68 


15.5 


FLWO 


3480-7300.5 


7.0 


12.0 


15.5 


1.13 


F110 


3 


3 


900 


PB 




1998-12-12.17 


2451159.67 


17.5 


FLWO 


3520-7321 


7.0 


5.0 


10.3 


1.12 


F110 


3 


3 


900 


MC 




1998-12-13.17 


2451160.67 


18.5 


FLWO 


3520-7340.5 


7.0 


8.0 


13.7 


1.13 


F110 


3-5 


3 


900 


MC 




1998-12-14.17 


2451161.67 


19.5 


FLWO 


3520-7340.5 


7.0 


9.0 


15.4 


1.13 


F110 


3-5 


3 


900 


MC, AM 




1998-12-19.70 


2451166.57 


24.5 


FLWO 


3500-7301 


7.0 


-41.0 


-36.0 


1.17 


F110 


1-2 


3 


900 


AM, SJ 




1998-12-21.70 


2451168.58 


26.5 


FLWO 


3480-7341 


7.0 


-40.0 


-32.6 


1.15 


F110 


2 


3 


900 


SJ 




1998-12-25.13 


2451172.63 


30.5 


FLWO 


3520-7340.5 


7.0 


90.0 


7.8 


1.12 


F110 


2 


3 


900 


MC 




1999-01-09.20 


2451187.70 


45.5 


FLWO 


3720-7540.5 


7.0 


90.0 


53.1 


1.72 


F34 


3 


3 


1200 


PB 




1999-01-16.90 


2451194.59 


52 


FLWO 


3720-7540.5 


7.0 


11.0 


24.3 


1.16 


F34 


2-3 


3 


1020 


MC 




1999-01-21.13 


2451199.63 


57 


FLWO 


3720-7540.5 


7.0 


45.0 


44.9 


1.36 


F34 


2 


3 


1200 


PB 




1999-02-07.12 


2451216.62 


74 


FLWO 


3720-7540.5 


7.0 


90.0 


52.8 


1.69 


F34 


1-2 


3 


1200 


PB 




1999-02-14.11 


2451223.61 


81 


FLWO 


3720-7540.5 


7.0 


90.0 


53.5 


1.76 


F34 


1-2 


3 


1200 


PB 




1999-02-23.11 


2451232.61 


90 


FLWO 


3720-7540.5 


7.0 


56.0 


56.2 


2.11 


H600 




3 


900 


MC 


SN 1999X 
































1999-02-06.26 


2451215.77 


12 


FLWO 


3720-7540.5 


7.0 


90.0 


-107.3 


1.02 


F34 


3-4 


3 


900 


PB 




1999-02-07.39 


2451216.89 


13 


FLWO 


3720-7540.5 


7.0 


90.0 


90.6 


1.17 


F34 


2 


3 


1200 


PB 




1999-02-09.31 


2451218.81 


15 


FLWO 


3720-7540.5 


7.0 


0.0 


141.5 


1.01 


F34 


1-2 


3 


1200 


MC 




1999-02-10.32 


2451219.83 


16 


FLWO 


3720-7540.5 


7.0 


50.0 


115.6 


1.03 


F34 


2-3 


3 


1200 


MC 




1999-02-15.28 


2451224.78 


21 


FLWO 


3720-7540.5 


7.0 


90.0 


-176.9 


1.00 


F34 


1-2 


3 


900 


KR 




1999-02-23.25 


2451232.76 


28.5 


FLWO 


3720-7540.5 


7.0 


34.0 


-174.1 


1.01 


H600 


1-2 


3 


1200 


MC 



o 
o 
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SN 1999aa 


































1999-02-13.33 


2451222.83 


-9 


FLWO 


3440-7220 


7.0 


57.0 


59.3 


1 


.13 


F34 


1-2 


3 


1200 


PB 




1999-02-14.32 


2451223.82 


-8 


FLWO 


3440-7220 


7.0 


54.0 


55.6 


1 


.10 


F34 


1-2 


3 


1200 


PB 




1999-02-15.26 


2451224.76 


-7 


FLWO 


3440-7220 


7.0 


90.0 


-3.0 


1 


.02 


F34 


1-2 


3 


1200 


KR 




1999-02-16.22 


2451225.73 


-6 


FLWO 


3440-7220 


7.0 


-46.0 


-41.9 


1 


.02 


F34 


1-2 


3 


1200 


KR 




1999-02-17.24 


2451226.74 


-5 


FLWO 


3440-7220 


7.0 


-32.0 


-24.2 


1 


.02 


F34 


1-2 


3 


1200 


KR 




1999-02-18.23 


2451227.73 


-4 


FLWO 


3440-7220 


7.0 


-40.0 


-35.4 


1 


.02 


F34 


1-2 


3 


1200 


KR 




1999-02-19.26 


2451228.77 


-3 


FLWO 


3460-7220.5 


7.0 


15.0 


22.0 


1 


.03 


F34 


1-2 


3 


1200 


KR 




1999-02-20.27 


2451229.77 


-2 


FLWO 


3400-7240 


7.0 


30.0 


32.8 


1 


.04 


F34 


1-2 


3 


1200 


KR 




1999-02-21.28 


2451230.78 


-1 


FLWO 


3720-7540.5 


7.0 


42.0 


44.2 


1 


.05 


H600 


1-2 


3 


900 


MC 




1999-02-23.24 


2451232.74 


1 


FLWO 


3720-7540.5 


7.0 


11.0 


2.7 


1 


.02 


H600 


1-2 


3 


1020 


MC 




1999-03-09.24 


2451246.74 


14.5 


FLWO 


3720-7540.5 


7.0 


45.0 


47.6 


1 


.06 


F34 


2 


3 


1200 


PB 




1999-03-10.21 


2451247.72 


15.5 


FLWO 


3720-7540.5 


7.0 


20.0 


29.3 


1 


.03 


F34 


1-2 


3 


1200 


PB 




1999-03-11.22 


2451248.72 


16.5 


FLWO 


3720-7540.5 


7.0 


22.0 


34.3 


1 


.03 


F34 


1-2 


3 


900 


MC 




1999-03-12.28 


2451249.78 


17.5 


FLWO 


3720-7540.5 


7.0 


62.0 


63.2 


1 


.20 


F34 


3-5 


3 


1200 


MC 




1999-03-22.25 


2451259.76 


27.5 


FLWO 


3720-7540.5 


7.0 


64.0 


63.7 


1 


.22 


F34 


1-2 


3 


1200 


PB 




1999-03-23.17 


2451260.68 


28.5 


FLWO 


3720-7540.5 


7.0 


21.0 


23.8 


1 


.03 


H600 


1-2 


3 


1200 


PB 




1999-03-24.16 


2451261.67 


29.5 


FLWO 


3720-7540.5 


7.0 


7.0 


9.2 


1 


.02 


F34 


1-2 


3 


1200 


PB 




1999-03-25.11 


2451262.61 


30 


FLWO 


3720-7540.5 


7.0 


54.0 


-51.2 


1 


.04 


F34 


1-2 


3 


900 


MC 




1999-04-07.14 


2451275.64 


43 


FLWO 


3720-7540.5 


7.0 


32.0 


32.2 


1 


.03 


F34 


2-3 


3 


900 


MC 




1999_04-09.13 


2451277.63 


45 


FLWO 


3720-7540.5 


7.0 


19.0 


25.7 


1 


.03 


H600 


1-2 


3 


900 


MC 




1999-04-11.20 


2451279.70 


47 


FLWO 


3720-7540.5 


7.0 


70.0 


64.1 


1 


.23 


F34 


2 


3 


1200 


PB 




1999-04-13.13 


2451281.63 


49 


FLWO 


3720-7540.5 


7.0 


31.0 


37.3 


1 


.04 


F34 


1-2 


3 


1200 


MC 




1999-04-15.15 


2451283.65 


51 


FLWO 


3720-7540.5 


7.0 


49.0 


53.6 


1 


.08 


F34 


1-2 


3 


900 


MC 




1999-04-17.15 


2451285.65 


53 


FLWO 


3720-7540.5 


7.0 


56.0 


56.3 


1 


.10 


F34 


1-2 


3 


1200 


PB 




1999-04-19.20 


2451287.70 


55 


FLWO 


3720-7540.5 


7.0 


64.0 


65.4 


1 


.30 


F34 


1 


3 


900 


MC 




1999-04-21.14 


2451289.64 


57 


FLWO 


3720-7540.5 


7.0 


54.0 


57.5 


1 


.10 


F34 


1-2 


3 


900 


MC 




1999-05-07.15 


2451305.65 


72.5 


FLWO 


3720-7521 


7.0 


65.0 


65.5 


1 


.31 


F66 


1-2 


3 


900 


MC 




1999-05-16.15 


2451314.65 


81.5 


FLWO 


3720-7540.5 


7.0 


66.0 


66.1 


1 


.58 


F34 


1-2 


3 


1200 


PB 


SN 1999ac 


































1999-03-09.52 


2451247.02 


-3.5 


FLWO 


3720-7540.5 


7.0 


90.0 


4.2 


1 


.10 


F34 


2 


3 


900 


PB 




1999-03-10.51 


2451248.02 


-2.5 


FLWO 


3720-7540.5 


7.0 


5.0 


-0.4 


1 


.09 


F34 


1-2 


3 


900 


PB 




1999-03-12.52 


2451250.02 


-0.5 


FLWO 


3720-7540.5 


7.0 


4.0 


8.2 


1 


.10 


F34 


3-5 


3 


1020 


MC 




1999-03-22.50 


2451260.00 


9.5 


FLWO 


3720-7540.5 


7.0 


15.0 


14.1 


1 


.11 


F34 


1-2 


3 


900 


PB 



o 
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1999-03-23.50 


2451261.00 


10.5 


FLWO 


3720-7540.5 


7.0 


14.0 


16.4 


1 


.11 


H600 


1-2 


3 


900 


PB 


1999-03-24.50 


2451262.00 


11.5 


FLWO 


3720-7540.5 


7.0 


15.0 


14.7 


1 


.11 


F34 


1-2 


3 


900 


PB 


1999-03-25.48 


2451262.99 


12.5 


FLWO 


3720-7540.5 


7.0 


0.0 


7.0 


1 


10 


F34 


1-2 


3 


900 


MC 


1999-04-07.44 


2451275.94 


25 


FLWO 


3720-7540.5 


7.0 


0.0 


1.9 


1 


.10 


F34 


1-2 


3 


1200 


MC 


1999-04-09.43 


2451277.94 


27 


FLWO 


3720-7540.5 


7.0 


0.0 


1.6 


1 


.10 


H600 


1-2 


3 


900 


MC 


1999_04-11.46 


2451279.96 


29 


FLWO 


3720-7540.5 


7.0 


24.0 


24.1 


1 


.13 


F34 


2 


3 


900 


PB 


1999-04-13.45 


2451281.95 


31 


FLWO 


3720-7540.5 


7.0 


14.0 


20.9 


1 


.13 


F34 


5 


3 


1200 


MC 


1999-04-15.44 


2451283.94 


33 


FLWO 


3720-7540.5 


7.0 


15.0 


17.0 


1 


.12 


F34 


1-3 


3 


900 


MC 


1999-04-17.48 


2451285.99 


35 


FLWO 


3720-7540.5 


7.0 


45.0 


42.1 


1 


.26 


F34 


1-2 


3 


1200 


PB 


1999-04-19.43 


2451287.93 


37 


FLWO 


3720-7540.5 


7.0 


14.0 


17.2 


1 


.12 


F34 


1 


3 


900 


MC 


1999-04-21.44 


2451289.95 


39 


FLWO 


3720-7540.5 


7.0 


30.0 


30.2 


1 


.16 


F34 


1-2 


3 


900 


MC 


1999-04-23.45 


2451291.95 


41 


FLWO 


3720-7540.5 


7.0 


35.0 


34.0 


1 


.19 


F34 


3-4 


3 


1200 


PB 


1999-05-07.36 


2451305.87 


54.5 


FLWO 


3720-7521 


7.0 


0.0 


6.8 


1 


.10 


F66 


1-2 


3 


900 


MC 


1999-05-15.37 


2451313.87 


62.5 


FLWO 


3720-7540.5 


7.0 


20.0 


22.8 


1 


.14 


F34 


1-2 


3 


1200 


PB 


1999-06-08.36 


2451337.87 


86.5 


FLWO 


3720-7540.5 


7.0 


48.0 


49.0 


1 


,39 


F34 


1-2 


3 


1200 


PB 


SN 1999by 






























1999-05-06.22 


2451304.72 


-5 


FLWO 


3720-7401 


7.0 


100.0 


97.1 


1 


.36 


F34 


1-2 


3 


3x300 


PB 


1999-05-07.13 


2451305.63 


-4 


FLWO 


3720-7521 


7.0 


39.0 


133.0 


1 


.11 


F66 


1-2 


3 


2x660 


MC 


1999-05-08.15 


2451306.65 


-3 


FLWO 


3400-9020 


7.0 


49.0 


123.8 


1 


.15 


F34/F66 


1-2 


3 


3x480 


MC 


1999-05-09.17 


2451307.67 


-2 


FLWO 


3580-5480.5 


7.0 


70.0 


111.0 


1 


.22 


F34 


2 


3 


600 


KD 


1999-05-13.18 


2451311.67 


2 


FLWO 


3580-5480.5 


7.0 


-60.0 


105.6 


1 


,27 


F34 


2 


3 


600 


KD 


1999-05-14.15 


2451312.64 


3 


FLWO 


3400-9280 


7.0 


-60.0 


116.2 


1 


.18 


F34 


2-3 


3 


3x480 


PB 


1999-05-15.15 


2451313.65 


4 


FLWO 


3720-7540.5 


7.0 


-70.0 


112.0 


1 


.20 


F34 


1-2 


3 


2x360 


PB 


1999-05-16.17 


2451314.67 


5 


FLWO 


3720-7540.5 


7.0 


100.0 


104.7 


1 


.27 


F34 


1-2 


3 


2x420 


PB 


1999-05-17.16 


2451315.66 


6 


FLWO 


3720-7540.5 


7.0 


90.0 


106.6 


1 


.24 


BD33 


1-2 


3 


3x300 


PG 


1999-05-18.14 


2451316.64 


7 


FLWO 


3720-7540.5 


7.0 


-50.0 


115.2 


1 


.18 


F34 


1-2 


3 


3x420 


PG 


1999-05-19.14 


2451317.64 


8 


FLWO 


3720-7540.5 


7.0 


-50.0 


113.2 


1 


,20 


F34 


1-2 


3 


3x480 


PG 


1999-05-21.14 


2451319.64 


10 


FLWO 


5520-7500 


7.0 


-64.0 


109.0 


1 


,21 


F56 


1-2 


2 


2x600 


MC 


1999-05-22.14 


2451320.64 


11 


FLWO 


3860-5830.2 


7.0 


-65.0 


108.0 


1 


.22 


F56 


2 


2 


2x600 


MC 


1999-06-05.16 


2451334.66 


25 


FLWO 


3720-7540.5 


7.0 


90.0 


89.0 


1 


.56 


F34 


1-3 


3 


2x600 


MC 


1999-06-09.16 


2451338.66 


29 


FLWO 


3720-7540.5 


7.0 


90.0 


86.7 


1 


.62 


F34 


1-2 


3 


2x 600 


PB 


1999-06-11.16 


2451340.65 


31 


FLWO 


3720-7540.5 


7.0 


90.0 


87.1 


1 


.63 


F34 


1-2 


3 


900 


MC 


1999-06-13.16 


2451342.65 


33 


FLWO 


3720-7540.5 


7.0 


84.0 


85.2 


1 


.70 


F34 


1-2 


3 


900 


MC 


1999-06-22.16 


2451351.66 


42 


FLWO 


3720-7540.5 


7.0 


90.0 


77.5 


2 


.03 


BD33 


1 


3 


900 


MC 



o 
to 
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SN 1999cc 


































1999-05-14.34 


2451312.85 


-3 


FLWO 


3720-7540.5 


7.0 


90.0 


153.9 


1 


.01 


F34 


1-2 


2 


1200 


PB 




1999-05-16.32 


2451314.83 


-1 


FLWO 


3720-7540.5 


7.0 


90.0 


-171.4 


1 


.01 


F34 


1-2 


3 


1200 


PB 




1999-05-17.39 


2451315.89 


0.5 


FLWO 


3720-7540.5 


7.0 


90.0 


99.1 


1 


.09 


BD33 


1-2 


3 


900 


PG 




1999-05-19.35 


2451317.85 


2 


FLWO 


3720-7540.5 


7.0 


-60.0 


118.4 


1 


.02 


F34 


1-2 


3 


2x900 


PG 




1999-06-05.33 


2451334.84 


18.5 


FLWO 


3720-7540.5 


7.0 


110.0 


101.0 


1 


.08 


F34 


1-3 


3 


900 


MC 




1999-06-10.36 


2451339.86 


23.5 


FLWO 


3720-7540.5 


7.0 


90.0 


90.7 


1 


.19 


F34 


1-2 


3 


1200 


PB 




1999-06-12.31 


2451341.81 


25.5 


FLWO 


3720-7540.5 


7.0 


110.0 


104.5 


1 


.06 


F34 


1-2 


3 


900 


MC 


SN 1999cl 


































1999-06-05.18 


2451334.68 


-7.5 


FLWO 


3720-7540.5 


7.0 


35.0 


42.8 


1 


.12 


F34 


1-3 


3 


2x600 


MC 




1999-06-06.16 


2451335.66 


-6.5 


FLWO 


3400-7160.5 


7.0 


35.0 


35.0 


1 


.10 


BD33 


1-2 


3 


2x900 


MC 




1999_06-08.22 


2451337.73 


-4.5 


FLWO 


3400-7160.5 


7.0 


59.0 


57.5 


1 


.35 


BD33 


1-2 


3 


2x600 


PB 




1999-06-09.22 


2451338.73 


-3.5 


FLWO 


3400-7160.5 


7.0 


58.0 


57.8 


1 


.38 


BD33 


1-2 


3 


2x720 


PB 




1999-06-10.21 


2451339.71 


-2.5 


FLWO 


3380-7160 


7.0 


56.0 


56.2 


1 


.31 


BD33 


1-2 


3 


2x720 


PB 




1999-06-11.17 


2451340.67 


-1.5 


FLWO 


3400-7160.5 


7.0 


45.0 


45.0 


1 


.13 


BD33 


1-2 


3 


2x600 


MC 




1999-06-12.16 


2451341.66 


-0.5 


FLWO 


3400-7220.5 


7.0 


35.0 


41.3 


1 


.11 


BD33 


1-2 


3 


600 


MC 




1999-06-14.17 


2451343.67 


1.5 


FLWO 


3340-7220.5 


7.0 


48.0 


48.7 


1 


.17 


BD33 


2-3 


3 


2x900 


PB 




1999-06-18.16 


2451347.66 


5.5 


FLWO 


4462-6440.5 


7.0 


45.0 


49.0 


1 


.18 


HZ44 


2 


2 


900 


MC 




1999-06-21.16 


2451350.66 


8.5 


FLWO 


3720-7540.5 


7.0 


45.0 


49.8 


1 


.18 


BD33 


1-2 


3 


900 


MC 




1999-07-21.16 


2451380.66 


38 


FLWO 


3720-7540.5 


7.0 


61.0 


61.2 


1 


.92 


BD28 


2-3 


3 


900 


MC 


SN 1999dq 


































1999-09-04.46 


2451425.96 


-9.5 


FLWO 


3720-7540.5 


7.0 


10.0 


3.3 


1 


.02 


G191 


1-2 


3 


2x1200 


PB 




1999-09-05.44 


2451426.94 


-8.5 


FLWO 


3720-9040 


7.0 


-35.0 


-32.4 


1 


.03 


G191 


1-2 


3 


3x1200 


PB 




1999-09-06.41 


2451427.91 


-7.5 


FLWO 


3720-7540.5 


7.0 


-50.0 


-51.5 


1 


.04 


F110 


1-2 


3 


1200 


PB 




1999-09-07.46 


2451428.96 


-6.5 


FLWO 


3720-7540.5 


7.0 


0.0 


14.0 


1 


.02 


F110 


1-2 


3 


2x1200 


KR 




1999-09-08.47 


2451429.97 


-5.5 


FLWO 


3720-7540.5 


7.0 


19.0 


22.8 


1 


.03 


F110 


1-2 


3 


1200 


KR 




1999-09-09.43 


2451430.94 


-4.5 


FLWO 


3720-7540.5 


7.0 


18.0 


-22.6 


1 


.02 


F110 


1-2 


3 


610 


KR 




1999-09-10.42 


2451431.93 


-3.5 


FLWO 


3720-7540.5 


7.0 


48.0 


-30.8 


1 


.02 


BD28 


1-2 


3 


1200 


MC 




1999-09-11.44 


2451432.94 


-2.5 


FLWO 


3720-7540.5 


7.0 


14.0 


-6.2 


1 


.02 


BD28 


1-2 


3 


1200 


MC 




1999-09-12.49 


2451434.00 


-1.5 


FLWO 


3720-7540.5 


7.0 


46.0 


54.8 


1 


.10 


BD28 


2-4 


3 


1200 


MC 




1999-09-15.43 


2451436.94 


1 


FLWO 


3720-7540.5 


7.0 


0.0 


1.3 


1 


.02 


G191 


1-2 


3 


1200 


PB 




1999-09-16.44 


2451437.94 


2 


FLWO 


3720-7540.5 


7.0 


-1.0 


13.0 


1 


.03 


G191 


2-4 


3 


1200 


MC 




1999-09-17.44 


2451438.94 


3 


FLWO 


3720-7540.5 


7.0 


-1.0 


20.3 


1 


.03 


G191 


1-2 


3 


1200 


MC 




1999-09-18.43 


2451439.94 


4 


FLWO 


3720-7540.5 


7.0 


-1.0 


16.8 


1 


.03 


F25 


1-2 


3 


1200 


MC 



o 

CO 
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1999_09-20.44 


2451441.94 


6 


FLWO 


3720-7540.5 


7.0 


31.0 


31.7 


1.04 


G191 


1-2 


3 


1200 


PB 




1999-10-02.45 


2451453.96 


18 


FLWO 


3720-7540.5 


7.0 


58.0 


58.5 


1.13 


F110 


1-2 


3 


1200 


PB 




1999-10-03.43 


2451454.93 


19 


FLWO 


3720-7540.5 


7.0 


51.0 


50.5 


1.08 


F110 


1-2 


3 


1200 


PB 




1999-10-11.43 


2451462.93 


26.5 


FLWO 


3720-7540.5 


7.0 


61.0 


58.6 


1.13 


F110 


1-2 


3 


1200 


PB 




1999-10-14.30 


2451465.81 


29.5 


FLWO 


3720-7540.5 


7.0 


54.0 


-52.3 


1.04 


BD28 


1-2 


3 


1200 


MC 




1999-10-18.47 


2451469.97 


33.5 


FLWO 


3720-7540.5 


7.0 


67.0 


65.5 


1.45 


H600 


2-3 


3 


1200 


PB 




1999-10-31.31 


2451482.82 


46.5 


FLWO 


3720-7540.5 


7.0 


0.0 


7.9 


1.02 


BD28 


2-5 


3 


1200 


MC 




1999-11-02.33 


2451484.83 


48.5 


FLWO 


3720-7540.5 


7.0 


34.0 


37.3 


1.05 


F110 


1-2 


3 


1200 


PB 




1999-11-12.29 


2451494.79 


58.5 


FLWO 


3720-7540.5 


7.0 


17.0 


22.6 


1.03 


BD28 


1-3 


3 


1200 


MC 




1999-12-13.22 


2451525.72 


88.5 


FLWO 


3720-7540.5 


7.0 


-30.0 


43.6 


1.07 


F34 


1 


3 


1200 


PG 


SN 1999cj 
































1999-10-30.26 


2451481.76 


-0.5 


FLWO 


3720-7540.5 


7.0 


0.0 


159.2 


1.00 


BD28 


3-5 


3 


2x900 


MC 




1999-11-02.18 


2451484.69 


2.5 


FLWO 


3720-7540.5 


7.0 


92.0 


-88.4 


1.04 


F110 


1-2 


3 


1200 


PB 




1999-11-04.25 


2451486.76 


4.5 


FLWO 


3720-7540.5 


7.0 


90.0 


143.8 


1.01 


F110 


1-2 


3 


1200 


PB 




1999-11-09.24 


2451491.74 


9 


FLWO 


3720-7540.5 


7.0 


90.0 


145.3 


1.01 


H600 


1-2 


3 


1200 


PB 




1999-11-12.25 


2451494.75 


12 


FLWO 


3720-7540.5 


7.0 


104.0 


101.8 


1.02 


BD28 


2-5 


3 


1200 


MC 


SN 1999gd 
































1999-12-08.50 


2451521.01 


2.5 


FLWO 


3720-7540.5 


7.0 


0.0 


64.7 


1.07 


F110 


3 


3 


1200 


AM 




1999-12-15.44 


2451527.94 


9.5 


FLWO 


3720-7540.5 


7.0 


90.0 


10.0 


1.01 


F34 


1-2 


3 


1200 


PB 




2000-01-02.39 


2451545.89 


27 


FLWO 


3720-7540.5 


7.0 


90.0 


8.0 


1.01 


F34 


2 


3 


1200 


PB 




2000-01-06.43 


2451549.93 


31 


FLWO 


3720-7540.5 


7.0 


62.0 


66.6 


1.05 


HZ44 


1-2 


3 


1200 


MC 




2000-01-11.39 


2451554.89 


36 


FLWO 


3720-7540.5 


7.0 


45.0 


55.1 


1.02 


F25 


1-2 


3 


1200 


MC 


SN 1999gh 
































1999-12-06.52 


2451519.02 


5.5 


FLWO 


3720-7540.5 


7.0 


0.0 


3.5 


1.67 


F34 


2 


3 


2x600 


AB 




1999-12-07.52 


2451520.02 


6.5 


FLWO 


3720-7540.5 


7.0 


0.0 


5.1 


1.69 


F34 


1.5 


3 


1200 


AM 




1999-12-08.52 


2451521.02 


7.5 


FLWO 


3720-7540.5 


7.0 


0.0 


6.3 


1.68 


F110 


3 


3 


600 


AM 




1999-12-09.50 


2451522.00 


8.5 


FLWO 


3720-7540.5 


7.0 


0.0 


-0.4 


1.66 


F34 


3 


3 


600 


AM 




1999-12-10.49 


2451522.99 


9.5 


FLWO 


3720-7540.5 


7.0 


80.0 


-1.5 


1.66 


F34 


1 


3 


600 


AM 




1999-12-12.49 


2451524.99 


11.5 


FLWO 


3720-7540.5 


7.0 


1.0 


1.6 


1.66 


F34 


1 


3 


600 


SJ 




1999-12-13.50 


2451526.00 


12.5 


FLWO 


3720-7540.5 


7.0 


10.0 


4.2 


1.67 


F34 


1 


3 


600 


PG 




1999-12-29.45 


2451541.95 


28 


FLWO 


3720-7540.5 


7.0 


0.0 


3.0 


1.66 


F34 


1-2 


3 


1200 


PB 




2000-01-04.44 


2451547.94 


34 


FLWO 


3720-7540.5 


7.0 


15.0 


6.5 


1.67 


F34 


3 


3 


1200 


PB 




2000-01-06.45 


2451549.95 


36 


FLWO 


3720-7540.5 


7.0 


62.0 


9.8 


1.69 


HZ44 


1-2 


3 


900 


MC 




2000-01-10.42 


2451553.91 


40 


FLWO 


3720-7540.5 


7.0 


4.0 


2.2 


1.66 


F34 


1-2 


3 


1200 


PB 



o 
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2000-01-12.38 


2451555.87 


42 


FLWO 


3720-7540.5 


7.0 


-14.0 


-11.2 


1 


.70 


F25 


1 


3 


1200 


MC 




2000-02-05.33 


2451579.83 


66 


FLWO 


3720-7540.5 


7.0 


-3.0 


-5.2 


1 


.67 


F34 


1-2 


3 


1200 


PB 




2000-02-10.32 


2451584.83 


71 


FLWO 


3720-7521 


7.0 


0.0 


-1.1 


1 


.66 


F34 


1-2 


3 


1200 


MC 




2000-02-12.29 


2451586.80 


73 


FLWO 


3720-7521 


7.0 


-13.0 


-10.2 


1 


.69 


F34 


1 


3 


1200 


MC 


SN 1999gp 


































2000-01-02.21 


2451545.71 


-4.5 


FLWO 


3720-7540.5 


7.0 


95.0 


99.8 


1 


.10 


F34 


2 


3 


1200 


PB 




2000-01-05.10 


2451548.60 


-1.5 


FLWO 


3720-7540.5 


7.0 


49.0 


-136.6 


1 


.02 


HZ44 


1-2 


3 


900 


MC 




2000-01-07.12 


2451550.62 


0.5 


FLWO 


3720-7540.5 


7.0 


0.0 


162.3 


1 


.01 


F25 


5 


3 


2x900 


MC 




2000-01-10.11 


2451553.61 


3 


FLWO 


3720-7540.5 


7.0 


90.0 


177.4 


1 


.01 


F34 


2 


3 


1200 


PB 




2000-01-12.90 


2451555.59 


5 


FLWO 


3720-7540.5 


7.0 


39.0 


-150.5 


1 


.01 


F25 


1 


3 


900 


MC 




2000-01-14.16 


2451557.66 


7 


FLWO 


3720-7540.5 


7.0 


90.0 


107.0 


1 


.06 


H600 


1-2 


3 


1200 


PB 




2000-01-29.10 


2451572.59 


21.5 


FLWO 


3720-7540.5 


7.0 


90.0 


120.2 


1 


.03 


H600 


1-2 


3 


1200 


PB 




2000-02-12.12 


2451586.61 


35.5 


FLWO 


3720-7521 


7.0 


98.0 


94.9 


1 


.14 


F34 


1 


3 


1200 


MC 




2000-02-27.12 


2451601.62 


50 


FLWO 


3720-7540.5 


7.0 


83.0 


84.6 


1 


.33 


H600 


1-2 


3 


1200 


PB 




2000-03-03.12 


2451606.62 


55 


FLWO 


3720-7540.5 


7.0 


82.0 


81.7 


1 


.42 


H600 


1 


3 


1200 


MC 


SN 2000B 


































2000-01-28.13 


2451571.62 


8.5 


FLWO 


3720-7540.5 


7.0 


80.0 


-102.4 


1 


.27 


H600 


1-2 


3 


900 


PB 




2000-02-02.24 


2451576.74 


13.5 


FLWO 


3720-7540.5 


7.0 


90.0 


179.0 


1 


.06 


H600 


3 


3 


1200 


EF 




2000-02-10.31 


2451584.81 


21.5 


FLWO 


3720-7521 


7.0 


-59.0 


116.0 


1 


.16 


F34 


1-2 


3 


1200 


MC 




2000-02-26.27 


2451600.77 


37 


FLWO 


3720-7540.5 


7.0 


-57.0 


109.6 


1 


.21 


BD33 


2-3 


3 


2x900 


MC 




2000-02-27.27 


2451601.77 


38 


FLWO 


3720-7540.5 


7.0 


100.0 


110.5 


1 


.19 


H600 


1-2 


3 


1200 


PB 




2000-03-04.16 


2451607.66 


44 


FLWO 


3720-7540.5 


7.0 


90.0 


175.3 


1 


.06 


F34 


1-2 


3 


1200 


PB 




2000-03-09.13 


2451612.63 


19 


FLWO 


3720-7540.5 


7.0 


13.0 


-166.8 


1 


.06 


H600 


1-2 


3 


1200 


SJ 


SN 2000cf 


































2000-05-11.34 


2451675.84 


3.5 


FLWO 


3720-7540.5 


7.0 


1.0 


176.9 


1 


.21 


F34 


1-2 


3 


1200 


MC 




2000-05-12.36 


2451676.86 


4.5 


FLWO 


3720-7540.5 


7.0 


-8.0 


163.6 


1 


.21 


F34 


2 


3 


2x1200 


MC 




2000-05-23.31 


2451687.81 


15 


FLWO 


3720-7540.5 


7.0 


-10.0 


172.9 


1 


.21 


F34 


2-3 


3 


1200 


PB 




2000-05-25.35 


2451689.85 


17 


FLWO 


3720-7540.5 


7.0 


-27.0 


148.8 


1 


.25 


F34 


1-2 


3 


1200 


MC 




2000-06-02.32 


2451697.82 


24.5 


FLWO 


3720-7540.5 


7.0 


-21.0 


152.0 


1 


.23 


BD33 


1-2 


3 


2x900 


MC 




2000-06-03.33 


2451698.83 


25.5 


FLWO 


3720-7540.5 


7.0 


-30.0 


145.9 


1 


.25 


F66 


1-2 


3 


1200 


MC 


SN 2000cn 


































2000-06-03.35 


2451698.86 


-9 


FLWO 


3720-7540.5 


7.0 


-28.0 


31.23 


1 


.00 


F66 


1-2 


3 


2x1200 


MC 




2000-06-04.38 


2451699.88 


-8 


FLWO 


3720-7540.5 


7.0 


65.0 


60.1 


1 


.01 


BD28 


2-3 


3 


1200 


PB 




2000-06-05.36 


2451700.87 


-7 


FLWO 


3720-7540.5 


7.0 


90.0 


42.6 


1 


.00 


F34 


2-3 


3 


1200 


PB 



o 



Table 2 — Continued 





u i uate 


TT TT\b 

rlJU 


r nase 


lei. 


Range 


rtes. 


p A f 


r ar. 


Air. 


r lux otCL 


oee. 


Ollt 


H/xp. 


Obscrvcr(s) J 












( A ) 




V I 


(° \ 
\ I 






\ ) 


\ ) 


\ s ) 






2000-06-21.36 


2451716.87 


9 


FLWO 


3720-7540.5 


7.0 


75.0 


72.8 


1.05 


BD28 


1-2 


2 


900 


PB 




2000-06-23.34 


2451718.84 


10.5 


FLWO 


3720-7540.5 


7.0 


90.0 


52.3 


1.04 


BD28 


1-2 


3 


2x1200 


PB 




2000-06-25.36 


2451720.86 


12.5 


FLWO 


3720-7540.5 


7.0 


72.0 


73.1 


1.06 


BD28 


1-2 


3 


1200 


MC 




2000-07-04.32 


2451729.82 


21.5 


FLWO 


3720-7540.5 


7.0 


69.0 


70.8 


1.03 


HZ44 


1 


3 


900 


MC 




2000-07-09.23 


2451734.74 


26.5 


FLWO 


3720-7540.5 


7.0 


90.0 


-54.8 


1.01 


HZ44 


1-2 


3 


2x1200 


PB 




2000-07-10.27 


2451735.77 


27.5 


FLWO 


3720-7540.5 


7.0 


90.0 


39.8 


1.00 


BD28 


1-2 


3 


1200 


PB 




2000-08-03.23 


2451759.73 


50.5 


FLWO 


3720-7540.5 


7.0 


65.0 


70.9 


1.04 


BD28 


1-2 


3 


1200 


MC 


SN 2000cx 
































2000-07-26.48 


2451751.98 





FLWO 


3720-7540.5 


7.0 


-36.0 


-31.7 


1.12 


BD28 


1-2 


3 


3x300 


MC 




2000-07-27.43 


2451752.93 


0.5 


FLWO 


3720-7540.5 


7.0 


-51.0 


-49.6 


1.27 


BD28 


2 


3 


3x300 


MC 




2000-08-03.45 


2451759.95 


7.5 


FLWO 


3720-7540.5 


7.0 


-38.0 


-35.8 


1.14 


BD28 


1-2 


3 


3x300 


MC 




2000-09-02.35 


2451789.85 


37.5 


FLWO 


3720-7540.5 


7.0 


37.0 


-42.3 


1.17 


BD28 


2 


3 


2x900 


MC 




2000-09-03.37 


2451790.88 


38.5 


FLWO 


3720-7540.5 


7.0 


-32.0 


-28.9 


1.11 


BD33 


1-2 


3 


900 


MC 




2000-09-05.40 


2451792.90 


40.5 


FLWO 


3720-7540.5 


7.0 


-5.0 


-7.8 


1.08 


F110 


2 


3 


1200 


PB 




2000-09-19.37 


2451806.88 


54 


FLWO 


3720-7540.5 


7.0 


-4.0 


1.2 


1.08 


F25 


1-2 


3 


900 


MC | 




2000-09-21.41 


2451808.92 


56.5 


FLWO 


3720-7540.5 


7.0 


35.0 


33.2 


1.13 


BD28 


1-2 


3 


1200 


PB 1 




2000-09-27.35 


2451814.86 


62 


FLWO 


3720-7540.5 


7.0 


90.0 


2.0 


1.08 


F110 


2 


3 


900 


ZB 




2000-10-03.35 


2451820.85 


68 


FLWO 


3640-7520.5 


7.0 


15.0 


10.8 


1.08 


BD28 


1-2 


3 


1200 


PB 




2000-10-29.28 


2451846.79 


94 


FLWO 


3640-7540 


7.0 


15.0 


15.8 


1.09 


F34 


1-2 


3 


1200 


PB 




2000-11-20.18 


2451868.68 


115.5 


FLWO 


3660-7540.5 


7.0 


-25.0 


-19.4 


1.09 


BD28 


2-3 


3 


1200 


MC 




2000-11-24.21 


2451872.71 


119.5 


FLWO 


3680-7541 


7.0 


15.0 


14.8 


1.09 


H600 


1-2 


3 


1200 


PB 




2000-11-30.22 


2451878.73 


125.5 


FLWO 


3720-7540.5 


7.0 


30.0 


34.1 


1.13 


F34 


1-2 


3 


1200 


KR 




2000-12-17.22 


2451895.72 


142.5 


FLWO 


3720-7540.5 


7.0 


45.0 


48.3 


1.25 


F25 


1-2 


3 


1200 


MC 




2000-12-30.10 


2451908.60 


155 


FLWO 


3720-7540.5 


7.0 


-12.0 


4.1 


1.08 


F34 


1-2 


3 


2x1200 


MC 




2001-01-26.13 


2451935.63 


182 


MMTO 


3660-7180 


8.0 


at par. 


53.5 


1.41 


F34 


2 


1 


2x1200 


PB 


SN 2000dk 
































2000-09-20.39 


2451807.89 


-4.5 


FLWO 


3720-7540.5 


7.0 


92.0 


91.6 


1.01 


F110 


1-2 


3 


720 


PB 




2000-09-21.27 


2451808.77 


-3.5 


FLWO 


3720-7540.5 


7.0 


99.0 


-83.0 


1.12 


BD28 


1-2 


3 


720 


PB 




2000-09-26.36 


2451813.87 


1.5 


FLWO 


3720-7540.5 


7.0 


90.0 


93.8 


1.01 


BD28 


2 


3 


600 


ZB 




2000-09-29.33 


2451816.84 


4.5 


FLWO 


3720-7540.5 


7.0 


90.0 


127.3 


1.00 


G191 


2 


3 


600 


ZB 




2000-10-05.32 


2451822.83 


10 


FLWO 


3650-7521.5 


7.0 


90.0 


108.4 


1.00 


BD28 


1-2 


3 


1200 


PB 




2000-10-29.27 


2451846.77 


33.5 


FLWO 


3640-7540 


7.0 


90.0 


96.7 


1.00 


F34 


1-2 


3 


1200 


PB 




2000-11-24.19 


2451872.70 


59 


FLWO 


3680-7541 


7.0 


90.0 


97.5 


1.00 


H600 


1-2 


3 


1200 


PB 




2000-12-24.15 


2451902.65 


88.5 


FLWO 


3720-7540.5 


7.0 


88.0 


86.4 


1.05 


BD28 


1 


3 


900 


MC 



o 
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u i uate 


t_t T"nb 


r^riase 


lei. 


Range 


jxes. 


p A f 


rar. 


Air. 


r lux ota. 


OCC. 


ollt 


rL/Xp. 


Obscrvcr(s) J 
















( ) 


K ) 






\ ) 


\ ) 


V s ) 






2001-01-26.16 


2451935.66 


121 


MMTO 


3660-7180 


8.0 


at par. 


75.3 


1.46 


F34 


2 


1 


1200 


PB 


SN 2000fa 
































2000-12-03.44 


2451881.94 


-10 


MMTO 


3420-7020 


8.0 


at par. 


26.1 


1.02 


HD217 


2 


1 


2x900 


NC 




2000-12-03.47 


2451881.98 


-10 


FLWO 


3680-7541 


7.0 


57.0 


62.5 


1.08 


F34 


2 


3 


1200 


JH 




2000-12-15.35 


2451893.86 


1.5 


FLWO 


3680-7541 


7.0 


45.0 


-34.0 


1.02 


HZ14 


2 


2 


2x600 


PB 




2000-12-16.35 


2451894.86 


2.5 


FLWO 


3720-7540.5 


7.0 


-30.0 


-35.5 


1.02 


H600 


3 


3 


900 


PB 




2000-12-18.38 


2451896.88 


4.5 


FLWO 


3720-7540.5 


7.0 


2.0 


21.5 


1.01 


BD28 


1-2 


3 


1200 


MC 




2000-12-23.34 


2451901.85 


9.5 


FLWO 


3730-7550.5 


7.0 


-44.0 


-26.8 


1.01 


BD28 


1-2 


3 


900 


MC 




2000-12-25.41 


2451903.92 


11.5 


FLWO 


3720-7540.5 


7.0 


61.0 


63.0 


1.08 


BD28 


1 


3 


900 


MC 




2000-12-28.41 


2451906.91 


14.5 


FLWO 


3720-7540.5 


7.0 


64.0 


63.6 


1.09 


F34 


1-2 


3 


1200 


PB 




2000-12-30.42 


2451908.93 


16.5 


FLWO 


3720-7540.5 


7.0 


65.0 


66.5 


1.14 


F34 


1-2 


3 


900 


MC 




2001-01-01.41 


2451910.92 


18.5 


FLWO 


3720-7540.5 


7.0 


65.0 


66.1 


1.13 


BD28 


1-2 


3 


1200 


MC 




2001-01-04.35 


2451913.86 


21 


FLWO 


3720-7540.5 


7.0 


45.0 


45.4 


1.02 


F34 


1-2 


3 


1200 


PB 




2001-01-15.40 


2451924.91 


32 


FLWO 


3720-7540.5 


7.0 


67.0 


67.8 


1.24 


F34 


1-2 


3 


1200 


MC 




2001-01-21.36 


2451930.86 


38 


FLWO 


3720-7540.5 


7.0 


64.0 


65.7 


1.12 


F25 


1-2 


3 


1200 


MC 




2001-01-26.18 


2451935.69 


42.5 


MMTO 


3660-7180 


8.0 


at par. 


-66.0 


1.12 


F34 


2 


1 


1200 


PB 




2001-03-25.18 


2451993.68 


99.5 


MMTO 


3250-8850 


8.0 


at par. 


64.3 


1.10 


F34/HD84 


2 


1 


5x900 


PC, GG 


SN 2001V 
































2001-02-19.39 


2451959.90 


-13 


FLWO 


3720-7540.5 


7.0 


90.0 


-1.5 


1.01 


F34 


1-2 


3 


1200 


PB 




2001-02-20.28 


2451960.79 


-12.5 


FLWO 


3300-9040.5 


7.0 


-70.0 


-70.1 


1.21 


F34 


1-2 


3 


3x1200 


PB 




2001-02-21.39 


2451961.89 


-11 


FLWO 


3720-7540.5 


7.0 


0.0 


5.5 


1.01 


F34 


1-2 


3 


1200 


PB 




2001-02-22.44 


2451962.94 


-10 


FLWO 


3720-7540.5 


7.0 


62.0 


64.9 


1.05 


H600 


1 


3 


1200 


MC 




2001-02-23.32 


2451963.83 


-9.5 


FLWO 


3720-7540.5 


7.0 


-67.0 


-65.8 


1.06 


F34 


1 


3 


1200 


MC 




2001-02-25.29 


2451965.80 


-7.5 


FLWO 


3720-7540.5 


7.0 


100.0 


-69.1 


1.12 


F34 


3 


3 


1200 


PB 




2001-02-26.29 


2451966.80 


-6.5 


FLWO 


3720-7540.5 


7.0 


-80.0 


-68.9 


1.11 


F34 


2-3 


3 


500 


PB 




2001-02-27.32 


2451967.82 


-5.5 


FLWO 


3720-7540.5 


7.0 


-60.0 


-62.9 


1.05 


F34 


1-2 


3 


2x720 


PB 




2001-03-01.47 


2451969.97 


-3.5 


FLWO 


3720-7540.5 


7.0 


69.0 


70.1 


1.20 


HZ44 


2 


3 


1200 


MC 




2001-03-14.42 


2451982.93 


9.5 


FLWO 


3720-7540.5 


7.0 


69.0 


69.7 


1.15 


HZ44 


2 


3 


1200 


MC 




2001-03-15.44 


2451983.94 


10.5 


FLWO 


3720-7540.5 


7.0 


72.0 


70.1 


1.23 


F34 


1-2 


3 


1200 


PB 




2001-03-16.29 


2451984.79 


11.5 


FLWO 


3720-7540.5 


7.0 


-50.0 


-58.3 


1.03 


F34 


1-2 


3 


1200 


PB 




2001-03-17.44 


2451985.95 


12.5 


FLWO 


3720-7540.5 


7.0 


73.0 


70.0 


1.29 


F34 


1-2 


3 


1200 


PB 




2001-03-18.46 


2451986.97 


13.5 


FLWO 


3720-7540.5 


7.0 


69.0 


69.4 


1.44 


F34 


1-2 


3 


1200 


PB 




2001-03-23.23 


2451991.74 


18 


FLWO 


3720-7540.5 


7.0 


-69.0 


-67.8 


1.09 


F34 


1-2 


3 


1200 


KR 




2001-03-24.21 


2451992.71 


19 


FLWO 


3720-7540.5 


7.0 


-69.0 


-69.9 


1.16 


F34 


1-2 


3 


1200 


KR 



o 
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T T Tpib 
xlj Yj 




j.ei. 


Range 
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P A f 


r ar. 


Air. 


r lux oLQ. 


i 
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T7 , . ... 
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(AJ 


(A) 


( ) 


(, J 






( 1 


( 1 


( h ) 




2001-03-25.20 


2451993.71 


20 


FLWO 


3720-7540.5 


7.0 


-70.0 


-69.9 


1.16 


F34 


1-2 


3 


1200 


KR 


2001-03-25.39 


2451993.90 


20.5 


MMTO 


3250-10000 


8.0 


at par. 


69.9 


1.17 


F34/HD84 


2 


1 


2x1200 


PC, GG 


2001-03-26.24 


2451994.74 


21 


FLWO 


3720-7540.5 


7.0 


90.0 


-65.6 


1.06 


F34 


1-2 


3 


1200 


KR 


2001-03-26.46 


2451994.96 


21.5 


MMTO 


3250-8850 


8.0 


at par. 


68.4 


1.63 


F34/HD84 


2 


1 


2x600 


PC, GG 


2001-03-27.31 


2451995.82 


22 


FLWO 


3720-7540.5 


7.0 


33.0 


41.0 


1.01 


F34 


2 


3 


1200 


PB 


2001-03-28.29 


2451996.79 


23 


FLWO 


3720-7540.5 


7.0 


0.0 


-3.8 


1.01 


F34 


1-2 


3 


1200 


PB 


2001-03-29.29 


2451997.79 


21 


FLWO 


3720-7540.5 


7.0 


0.0 


5.9 


1.01 


F34 


1-2 


3 


1200 


PB 


2001-04-01.22 


2452000.72 


27 


FLWO 


3720-7540.5 


7.0 


110.0 


-66.7 


1.07 


F34 


1 


3 


1200 


MC 


2001-04-02.19 


2452001.69 


28 


FLWO 


3720-7540.5 


7.0 


110.0 


-69.9 


1.17 


F34 


1 


3 


2x900 


MC 


2001-04-14.31 


2452013.81 


40 


FLWO 


3720-7540.5 


7.0 


66.0 


67.1 


1.08 


F66 


2 


3 


1200 


JH 


2001-04-21.17 


2452020.67 


46.5 


FLWO 


3720-7540.5 


7.0 


110.0 


-65.1 


1.06 


F34 


1 


3 


1200 


MC 


2001-04-22.38 


2452021.88 


48 


FLWO 


3720-7540.5 


7.0 


69.0 


69.0 


1.51 


HZ44 


2-3 


3 


2x1020 


MC 


2001-04-23.21 


2452022.72 


48.5 


FLWO 


3720-7440 


7.0 


-34.0 


-17.1 


1.01 


F34 


1 


3 


1200 


MC 


2001-04-24.22 


2452023.73 


49.5 


FLWO 


3720-7540.5 


7.0 


10.0 


17.0 


1.01 


F34 


1-2 


3 


1200 


PB 


2001-04-26.29 


2452025.79 


51.5 


FLWO 


3720-7540.5 


7.0 


70.0 


68.7 


1.10 


F34 


2 


3 


1200 


PB 


2001-04-26.32 


2452025.83 


52 


MMTO 


3250-8900 


8.0 


at par. 


70.1 


1.26 


F34/BD26 


2 


2 


2x900 


SJ, TM 


2001-04-27.34 


2452026.85 


53 


FLWO 


3720-7540.5 


7.0 


70.0 


69.8 


1.36 


HZ44 


1-2 


3 


1200 


MC 


2001-05-01.36 


2452030.86 


56.5 


FLWO 


3720-7540.5 


7.0 


70.0 


68.7 


1.56 


BD33 


1-2 


3 


1200 


PB 


2001-05-18.24 


2452047.74 


73.5 


FLWO 


3720-7540.5 


7.0 


73.0 


69.5 


1.14 


F34 


1-2 


3 


1200 


PB 


2001-05-23.16 


2452052.66 


78 


FLWO 


3720-7540.5 


7.0 


90.0 


44.8 


1.01 


F34 


2 


3 


1200 


KR 


2001-05-24.30 


2452053.80 


79.5 


MMTO 


3220-8900 


8.0 


at par. 


68.4 


1.62 


BD28/BD26 


2 


1 


1200 


PC, MP 


2001-06-19.23 


2452079.73 


105 


MMTO 


3200-8900 


8.0 


at par. 


67.9 


1.71 


BD28/BD26 


1.5 


1 


2x1200 


TM 



o 

oo 



Note. — For nights when multiple observations were taken at the same telescope, either as repeated exposures with the same setup or observations with different 
grating tilts, only a single observation is reported, with all relevant information described in this Table representing the overall mid-point of the observations. When 
observations of the same SN were made on the same night with two different telescopes, we list them separately in this Table, but only show a combined spectrum 
in the figures. 

a UT at midpoint of observation(s). 

b Heliocentric Julian date at midpoint of observation(s). 

c Phase of spe ctrum relative to B-band maximum, rounded to the nearest half day. The helioce ntric Julian date for S-band maximum is taken from Table 4 of 
|jha et al.l (120071 1 for all of the SNe except SN 2000cx, for which the date of B-band maximum from lLi et all ll2001ah is used. The phase has also been corrected for 
relativistic time dilation using the recession velocity of the host galaxy as listed in Table 1. 



d Telescope used for this spectrum, FLWO = F. L. Whipple Observatory, MMTO = MMT Observatory. 



c Approximate spectral resolution (full width at half maximum intensity). 

'Observed position angle during the observation(s). 

g Average parallactic angle over the course of the observation(s). 

h Seeing is based upon estimates by the observers. 

'St andard stars: F25 = Feige 25, F34=Feige 34, F56 = Feige 56, F110 = Feige 110, H600 = Hiltner 600, BD33 = BD+33°2642, BD28 = BD+28°4211— llStone 

19771: iMassel et al.lll98l: llvlassev fe Gronwalllll990[ ); F66 = Feige 66— l|OkelE99oh : G191 = G19 1B2B, HZ44 = HZ 44, HZ14 = HZ 14— l|Okel[l97i : iMassel et al 
19881) ; HD84 = HD 84937, BD26 = BD+26°2606— l lOke fe Gunnlll983r i; HD217 = HD 217086— l lMassel et al.lll98St) . 

^Observers: ZB = Z. Balog, PB = P. Berlind, AB = A. E. Bragg, NC = N. Caldwell, MC = M. L. Calkins, BC = B. J. Carter, PC = P. Challis, KD = K. 
Dendy Concannon, EF = E. E. Falco, PG = P. M. Garnavich, GG = G. J. M. Graves, JH = J. P. Huchra, SJ = S. Jha, DK = D. M. Koranyi, JK = J. Kuraszkiewicz, 
JM = J. A. Mader, AM = A. Mahdavi, TM = T. Matheson, MP = M. Phelps, KR = K. Rines, IS = I. Song, BW = B. Wilkes. 



